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IJ.  ABSTRACT 


l»  IPONIOOINC  MILITARY, ACTIVITY 

Air  Force  Propulsion  Laboratory 
Edwards  Air  Force  Base 
California 


UNCLASSIFIED  ABSTRACT 


This_fmat  report  documents  work  accomplished  under  contract  F04611-71-C- 
0013.  The  program  discussion  describes  the  intent  and  capabilities  of  the  computer 
program  which  was  developed  to  ^evaluate  preliminary  duty  cycles  for  missile 
systems,  ($~<levelop  specifications  for  the  control  system  being  employed,  (3)  per¬ 
form  preliminary  design  analysis  on  any  of  the  con*  *ol  opt'  ms,  and  (4-)  predict  the 
performance  capability  of  a  vehicle  utilizing  the  control  s\  stent  characteristics 
obtained  from  the  program.  The  seven  potential  control  inputs  are  liquid  injection 
thrust  vector  control,  hot  gas  thrust  vector  control,  gimba!  ring,  ball  and  socket, 
flexible  seal,  jet  tabs,  and  aerodynamic' surfaces. I  The  program  has  the  capability 
to  determine  the  thrust  magnitude  required  to  fly  anv  one  of  the  six  tvpcs  cf 
trajectories  whore  thrust  vector  and  thrust  magnitude  control  is  required. .  jThe 
nozzle  design  capability  includes  two  types  of  fixed  nozzles  and  five  tvpcs  of*^^ 
movable  nozzles.  T»\o  program  also  incorporates  design  capability  for  pintle 
nozzle  single  chamlicr  thrust  magnitude  control  with  or  without  thrust  vector 
control.  Two  material  options  are  available  for  ease  .design,  metal  anti  filament 
wound  glass.  A  throe  dimensional  six  degrees  of  freedom  trajectory  routine  is 
available  in  the  program. 
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This  final  report  documents  work  accomplished  under  contract  F04G11-71-C- 
0013.  The  program  discussion  describes  the  intent  and  capabilities  of  the  computer 
program  which  was  developed  to  (1)  evaluate  preliminary  duty  cvcles  for  misfile 
systems,  (2‘  develop  specifications  for  the  control  system  being  emplowd,  (3)  per¬ 
form  prelim.. .arv  design  analysis  on  any  of  the  control  options,  and  (4)  predict  the 
performance  capability  of  a  vehicle  utilizing  the  c.mtrol  system  characteristics 
obtained  from  the  progrant.  The  seven  potential  control  inputs  are  liquid  injection 
thrust  vector  control,  hot  gas  thrust  vector  control,  gimbal  ring,  ball  and  socket, 
flexible  seal,  jet  tabs,  and  aerodynamic  surfaces.  The  program  has  the  capability 
to  determine  the  thrust  magnitude  required  to  flv  any  one  of  the  six  tvpes  of 
trajectories  where  thrust  vector  and  thrust  magnitude  control  is  required.  The 
nozzle  design  capability  includes  two  types  of  fixed  nuzzles  and  five  tvpes  of 
movable  nozzles.  Tlie  program  also  incorporates  design  capabilit\  for  pintle 
nozzle  single  chamber  thrust  magnitude  control  with  or  without  thrust  vector 
control.  Two  material  options  are  available  for  case  design,  metal  and  filament 
wound  glass.  A  three  dimensional  six  degrees  of  freedom  trajectory  routine  is 
available  in  the  program. 
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PROGRAM  SUMMARY 

The  preliminary  design: and  evaluation  of  a  thrust  vector  control  {TVC5 
system  previously  required  the  expenditure  of  considerable  effort  and  time  over 
a  period  of  months-  * 

To  alleviate  this  situation,  the  Rocket  Propulsion  Laboratory,  Edwards 
Air  Force  Base,  California,  funded  the  first  TVC  design  program,  under  Contract 
AF  04{611)-9720,  which  was  completed  by  Thipkol  in  1964.  :Subsequent  changes 
in  state-of-the-art  and  a  need  io  expand  this  capability  led  to  the  program  entitled - 
"Advanced  Thrust  Vector  Control  Preliminary  Design  Program"  developed  under 
ContractAF  04(6il)-11647.  The  program  resulting  from  this  contract  is  describ¬ 
ed  in  the  "Final  Report,  Advanced  Thrust; Vector  Control  Preliminary  Design 
Computer  Program,"  January  1968.  designated  Technical  Report  A  FRPL-TR-67- 
318.  Subsequent  further  changes  in  the  staterof-the-art  and  the  need  to  expand 
the  TVC  design  capability  to  provide  advanced  steering  and  thrusfcmagnitude 
control  (ASC/TMC)  led  to  the  program  described  in  this  jrepert.  This  additional 
capability  wr.s  accomplished  through  additions  and  modifications  to  the  previously 
developed  Advanced  TVC  Preliminary  Design  Computer  Progranv.  The  major 
additions  to  this  program  are: 

1.  Capability  to  determine  the  thrust  magnitude 
required  to  fly  any  one  of  six  types  of  traject¬ 
ories  where  thrust  vector  and  thrust  magnitude 
;  control  is  required:  and 

2;  Design  capability  for  a  pintle  nozzle  single 
chamher-  tiirust  magnitude  control  concept  with 


Additionally ,  data  permanently  stored  within  the  computer  program  have 
been  improved  and  equations  have  been  updated  for  use  in  the  current  sub¬ 
routines  for  the  design  and  performance  prediction  functions.  Changes  have  been 
made  to  improve  basic  accuracy  and  to  extend  the  range  applicability  o?  the  design 
models  to  include  nozzle  designs  with  throat  diameters  ranging  from  0. 5  to 
100  inches.  Included  in  the  models  updated  are  the  nozzle,  torque  and  actuation 
subroutines. 

The  program  also  has  been  modified  to  improve  its  efficiency  through 
allowing  more  flexibility  in  performing  multiple  runs ,  minimizing  program  input 
requirements,  and  improving  capability  for  debugging  program  input  through  the 
use  of  computer  print  flags. 

A  three-dimensional,  six  degrees  of  freedom  trajectory  routine  is 
available  in  this  computer  program.  Included  is  the  capability  to  simulate  a 
linear  control  system  using  either  input  or  internally  calculated  control  system 
gains.  An  associated  optimization  procedure  for  flight  path  shaping  is  included. 
The  complete  discussion  of  the  trajectory  routine  is  contained  in  subsequent 
sections  of  this  book.  The  nozzle  design  capability  provided  in  this  computer 
program  represents  comprehensive  design  calculations  for  two  types  of  fixed 
nozzles  and  five  types  of  movable  nozzles:  submerged  fixed;  external  fixed; 
subsonic  splitline,  hinged,  integral,  submerged  inlet  supersonic  splitline;  and 
external  inlet  supersonic  splitiine.  The  exit  cone  design  can  fee  either  conical 
or  contoured.  The  output  from  the  nozzle  subroutine  includes  nozzle  dimensional 
characteristics ,  nozzle  performance  parameters ,  and  nozzle  mass  properties 
information. 

Additionally .  a  pintle  nozzle  subroutine  has  been  added  which  is  capable 
of  designing  a  movable  pintle  for  nozzle  throat  area  control.  This  subroutine 
has  been  so  designed  and  integrated  that  a  pintle  can  be  incorporated  in  any  of  the 
nozzle  types  in  which  this  feature  is  practical.  These  types  are  the  subsonic 
splitline,  external  fixed  hinged,  integral  and  external  entry  supersonic  splitline. 

The  pintle  nozzle  subroutine  generally  applies  to  the  nozzle  designs 


incorporating  an  external  inlet  (convergent  cone) ,  rather  than  for  those  with  sub¬ 
merged  inlets.  In  addition,  provision  has  been  made  to  design  a  pintle  for  use 
with  integral  nozzles  which  have  gimbal  ring  or  flexible  seal  TVC. 

The  incorporation  of  a  pintle  does  not  affect  the  incorporation  of  TVC-  in 
any  of  these  designs.  The  program  includes  an  election  of  the  preferred  material. 

For  throats  less  than  10  in.  in  diameter,  tungsten  is  the  preferred  material.  Solid 
tungsten  pintles  are  designed  for  throat  diameters  less  than  2  in.  in  diameter , 
while  tungsten  shell  pintles  are  designed  for  throat  diameters  between  2  arid  10 
inches.  Ablatives  are  preferred  for  pintles  larger  than  10  in.  in  diameter.  The 
full  range  of  insulation  and  structural  materials  is  included  in  t?*e  ~ozzle  routine 
for  the  remaining  pintle  components .  Thermal  sizing  is  accomplished  with  the 
insulation  design  section;  structural  sizing  is  part  of;the  pintle  subroutine. 

Provision  for  area  balancing  of  the  pintles  is  incorporated.  The  pintle  will  be 
supported  by  insulated  struts  with  the  number  to  vary  from  two  to  six. 

The  pintle  will  be  hydraulically  actuated  by  a  single ,  double-acting 
actuator  for  small  sized  and  an  optional  annular  actuator  for  the  larger  pintles . 

Fluid  is  supplied  and  returned  through  the  passages  in  the  struts.  The 
actuation  auxiliary  power  unit  is  sized  in  the  actuation  and  roll  control  sub¬ 
routine. 

The  computer  program  includes  capability  for  simulation  of  a  non* 
programed  thrust  profile.  Thrust  control  systems  simulated  are  either  a 
perfect  system  (i.e.,  achieved  thrust  equals  commanded  thrust),  or  a  pintle 
controller  network.  The  pintle  controller  commands  the  time  rate  change  of  throat 
area  from  a  control  law  consisting  of  a  chamber  pressure  error  with  time  rate  change 

feedback.  Thrust  control  modes  incorporated  include;  specific  velocity-iime 
profile,  axial  acceleration  proportional  to  line  of  sight  rates,  constant  Mach 
number  .thrust  proportional  to  commanded  turning  rates ,  minimum  velocity 
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during  a  commanded  turn ,  and  dynamic  pressure  constraints. 

The  pintie  nozzle  TMC  portion  of  the  program  defines  performance , 
structure ,  insolation .  actuation  *  and  system  components  for  both  fixed  and 
movable  nozzles . 

The  thrust  control  system  logic  used  in  the  trajectory  simulation  is 
broken  into  two  separate  parts:  (i)  the  command  thrust  logic,  and  (2)  the 
controllable  motor  thrust  dynamics.  The  command  thrust  logic,  or  thrust 
control,  law  chosen,  will  provide  the  needed  thrust  command  for  the  motor  to 
enable  the  missile  system  to  achieve  the  desired  trajectory  condition.  The 
criteria  for  evaluating  the  commanded  thrust  is  established  by  flight  performance 
parameters  such  as  specified  velocity  history,  stipulated  Mach  number, 
commanded  turning  rates,  minimum  velocity  or  constrained  dynamic  pressure. 

This  final  report  is  organized  into  three  basic  volumes: 

I  Program  Description 

il  User's  Manual 

III  Test  Cases 

Volume  I  contains  a  summary  of  equations  used  in  formulating  the 
mathematical  models  used  in  the  program.  This  volume  contains  two  major 
books:  Book  1  -  Requirements,  and  Book  2  -  Hardware.  The  trajectory 
documentation  is  included  as  a  separate  section  in  Book  1 ,  as  are  the 
aerodynamic  coefficients  and  the  roll  control  requirements.  Book  2  of  Volume  I 
includes  a  complete  description  of  th?,  hardware  and  component  design  routines 
and. theory.  - 

In  Volume  II  -  User's  Manual,  instructions  for  use  of  the  program  are 
given;  however,  the  input  portion  of  the  trajectory  program  write-up  is  also, 
needed  for  reference  by  the  user. 

Sample  test  cases  are  contained  in  Volume. III.  The  description  of  each 
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test  cas8  is  given,  along  with  a  listing  of  the  computer  input  card  deck  and  a  re¬ 
production  of  the  complete  computer  output.. 

References  to  the  source  of  the  material  used  in  developing ^this  program 
are  included  in  the  partlculm*  sections  to  wh\ch  thay  ^apply— 


SECTION  IT 


AERODYNAMIC  COEFFICIENTS 


The  subroutines  contained  in  this  section  provide  the  capability  of 
determining  the  forces  and  moments  generated  on  a  missile  by  the  flow  of  air 
over  the  external  surface  of  an  airborne  vehicle.  The  approach  used  was  to 
separate  the  forces  and  moments  into  two  groups:  those  produced  on  the 
missile  body  (payload,  motors,  interstages,  etc.),  and  those  produced  on  the 
lifting  surfaces  (canards,  fins). 

The  forces  are  represented  by  the  nondimensional  lift  coefficient, 

CNCt  ^or  bodies,  ci/x  an<*  ^5  fo*  canards  and  fins,  and  the  drag  coefficients, 
CA  for  bodies ,  and  CDQ  and  for  canards  and  fins .  The  moments  are.  deter¬ 
mined  from  the  forces  and  the  point  of  application,  referred  to  as  centers 
of  pressure.  The  coefficients  are  calculated  at  the  Mach  numbers  listed  in 
Table  1. 

Included  in  the  subroutine  generated  for  lifting  surfaces  is  the 
capability  of  calculating  a  weight  estimate  of  the  surfaces  and  the  location 
of  their  longitudinal  and  lateral  center-o_f-gravity. 


A.  BODY  AXIAL  FORCE  COEFFICIENT 


-  This  subsection  presents  the  method  used  for  calculating  the  aero¬ 

dynamic  axial  force  coefficient  of  a  body  of  revolution  in  axial  flow  which 
is,  composed  of  cor.. J,  cone-frustums,  and  cylindrical  sections. 

The  total  aerodynamic  axial  force  of  tc  body  is  composed  of  three 
separate  components:  forebody  pressure  forces,  viscous  forces  (skin  friction)., 
and- the  base  pressure  forces.  The  axial  force  coefficient  for  each  of  .'hese 
forces  must  be  calculated  separately.  : 


Pi.:  .ipageMM* 


TABLE  1 


STORED  MACH  NUMBER  TABLES 


First  Stage 
Mach  No. 


Upper  Stage 
Mach  No. 


10.00 


10.00 


:-}> -i**r  V "  1  U  ..  ' 


1.  FOREBODY  PRESSURE  FORCES 


C*  *  Cp 
aFB  rFB 


»  2.1  stn2g  +  (2) 

The  forebody  axial  force  coefficient  is  calculated  separately  for 
each  section  of  the  body,  which  is  either  a  cone  or  cone  frustum.  Where 
the  first  section  of  a  body  is  a  blunted  cone  and  the  equivalent  nose  radius 
is  less  than  20  percent  of  the  cone  base  radius,  the  section  can  be  con-? 
sidered  as  a  pointed  cone.  The  axial  force  coefficient,  C^pg,  is  calculated 
for  M  -  3.0;  the  value  at  M  *  3.0  is  multiplied  by  the  factor  Kpu  shown  i 
Table  2  .  Thus, 


(CaFB*M  »  2.0  *  (KFB>M  «  2.0  ^CApB^M  »  3.0 


and  so  on  for  values  of  M  <  3.0. 


The  pressure  coefficient  Cp„g  is  calculated  using  Equation  2. 


2.  VISCOUS  FORCES  (SKIN  FRICTION) 


The  axial  force  coefficient  due  to  the  viscous  effects  of  the  fluid 
is  a  function  6f  Reynold's  No.,  Mach  No.,  and  the  surface  area  in  contact 
with  the  fluid.  Typ.  ail  values  of  Reynold's  No.  per  foot  vs  Mach  No.  are 
provided  in.  Table  3  far  a  small  ballistic  missile,  a  larger  ballistic 
missile,  a  large  booster  type  vehicle,  and  a  small  air  launched  missile. 

To  determine;  the  flat  pl*-te  coefficient,  Cp,  Reynold's  No.  vs  Mach  No.  must 
be  calculated  in  the  felt  wing  manner.  Using  Table  3  ,  Rjj/ft  is  determined 


TABLE  3 


VARIATION  OF  REYNOLD'S  NUMBER  PER  FOOT 
VS  MACH  NUMBER 


Mach 

(RN/ft)  10"G* 

No. 

JiL 

1  ~  '  -£L 

J2L 

-ilL- 

0.00 

3.70 

.  3.30 

3.55 

1.976 

0.50 

3.70 

3.30 

3.55 

1. 976 

0.75 

5.25 

4.62 

4.68 

2.964 

0.95 

6.25 

5. 55 

5.45 

3.754 

1.00 

6.50 

5.77 

5.55 

3.952 

1.25 

'7.47 

6.57 

6.21 

4.940 

1.50 

8.22 

7.13 

6.75 

5.928 

2i00 

9.02 

7.87 

7.40 

7.904 

2.60 

9.20 

8.21 

r  7.50 

10.275 

3.00 

8.90 

8.15 

7.04 

:  11,856 

4.00 

7.00 

6,70 

4.52 

15.808 

5.00 

4.75 

4.85 

2.62 

19.760 

6.00 

3.10 

3.40 

1.44 

23.712 

8.00 

1.05 

1.18 

0.48 

31.616 

10.00 

0.45 

0.42 

0.36 

39.520 

*  (1)  Small  ballistic  missile 

(2)  Large  ballistic  missile 

(3)  Large  booster  vehicle 

(4)  Small  air  launched  missile 
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st  a  particular  Mach  number.  Then  »  Rjj/ft  x  L,  where  L  is  the  length  of 
the  missile  in  feet  from  the  nose  to  the  end  of  the  aft  skirt .  Knowing  % 
and  Mach  No. ,  the  appropriate  value  of  Cp  can  be  calculated  using  Eq  5. 

CF  *  - °"44'"2"5B  (l  +  0,162  N2)’0'58  (5) 

(log10  a/’58 
L  J  L. 


The  parameter  Awgt  is  the  total  surface  area  of  the  missile  excluding 
the  base  area.  Total  wetted  area  is  the  sum  of  the  wetted  area  of  the  parts; 
therefore. 


A  .  *  A  . 
wet  wet 


frustums 


'cylinders 


C^p  then  can  be  calculated  using  Eq  4. 


3.  BASE  PRESSURE  FORCES 


Bc.se  pressure  coefficient,  Cp^,  vs  Mach  No,  Ls  given  in  Table  4. 

The  effective  base  area.  A,  ,  is  considered  equal  to  one-half  the  difference 

base 

between  the  base  area  of  the  missile  and  the  total  nozzle  exit  area.  Using 
Eq  7,  Cab  then  i3  calculated. 


4.  TOTAL  AXIAL  FORCE  COEFFICIENT 


Total  axial  force  coefficient  is  as  shown  in  Eq  8, 


CA  "  CAfp,  +  C%  *  CAb 


5.  NOMENCLATURE 


Symbol  Definition 


Units 


Largest  diameter  of  a  frustum  of  a  cone 


Smallest  diameter  of  a  frustum  of  a  cone 


TABLE  4 


M 

0.00 
0.50 
0.75 
0.95 
1.00 
1.25 
1.50 
2.00 
2.60 
3.00 
4,00 
-  5.00 

6.00 

-  .  3.00 

10.00 


BASE  PRESSURE  COEFFICIENT  (CPB) 


Stage _  Upper  Stages 


CPB 

M 

CPB 

-0.800 

1.25 

-0.289 

-0,483 

1.50 

-0.206 

-0.417 

2.00 

-0. 152 

-0.466 

2.60 

-0.116 

-0.516 

3.00 

-0.098 

-0.289 

4.00 

-0.067 

-9.206 

5.00 

-0.047" 

-0.152 

6.00 

-0.032 

-0.116 

8.00 

-0. 013 

-0.098 

10.00 

-0.000 

-0.067 

-0,047 

-0.032 

-0.0X3 

-6.000 

- 

13 


? 


Sy&bcl  Definition 


Units 


Semivertex  angle  of  a  tone  or  frustum  of  a  cone  deg 

Subsonic  and  transonic  forebody  pressure  drag  dim. 

factor 

Forebody  axial  force  coefficient  due  to  pressure  cim. 


Forebody  pressure  coeffic 


■lent  (cj>  m 


Pressure  on  local  surface  lb/sq  ft 

Ambient  pressure  lb/sq  ft 

Dynamic  pressure  lb/sq  ft 

Reference  diameter  (usually  taken  ns  diameter  ft 

of  largest  motor) 

Axial  force  coefficient  due  to  viscous  forces  dim. 

Reynold's  Ho.-  r-  dim. 

Density  of  air  slug/cu  ft 

Velocity  ft/3ec 

Characteristic  length  (length  of  missile)  ft 

Viscosity  of  air  slug/ft  sec 

Kinematic  viscosity  of  air,  p/p  sq  ft/sec 

Flat  plate  skin  friction  coefficient  dim. 

Missile  wetted  area  (surface  area  in  contact  sq  ft 

with  the  air) 

/  2\ 

(r:Ji ref  \ 

Reference  area  \ — 7  —  J  sq  ft 


Axial  force  coefficient  due  tc  base  pressure 


3asc  pressure  coefficient  (Cps 


Base  pressure 


lb/sq  ft 


Effective  base  area  of  missile  {A-t^ie  “  ^  (cross-  ,sq  ft 
sectional  area  of  motor  base  minus  nestle  exit  area)! 

~  H 


B.  BODY  SUBSONIC-TRANSONIC  NORMAL  FORCE  COET  "''V’* 


This  subroutine  is  used  to  calculate  the  initial  slope  o£  the  normal 
force  coefficient  vs  angle  of  attack  and  the  longitudinal  position  of  the 
normal  force  coefficient  center  of  pressure  over  the  subsonic-transonic 
range  of  Mach  numbers.  The  method  used  is  applicable  to  bodies  of  revolution 
which  are  composed  of  conical  sections  (cones  and  cone  frustums)  and  cylin¬ 
ders,  such  as  are  encountered  with  most  ballistic  missile  configurations. 

One.  restraint  must  be  applied  to  conical  sections:  the  slope  of  these 
sections  must  be  forward  facing  (no  boat-tail  sections)  at  zero  angle  of 
attack. 


This  procedure  for  determining  and  xcp  for  the  subsonic-transonic 
Mach  No.  range  is  limited  to  the  hxh  No.  range  of  M  *  0  to  H  «  2.0. 
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I.  NORMAL  FORCE  COEFFICIENT  SLOPE 

The  initial  slope  of  the  curve  of  normal  force  coefficient,  C^,  versus 
angle  of  attack,  Ct,  is  defined  1,1  this  procedure  by  the  following  equation. 

/dC  \  rA_  - 

CJ^  *  \3q£~  •O  *0*  *  [_  S  S^n  cos  r,^dc  S*n  ®J  (1) 

where  ot  *  l1* . 

Therefore;  *  l^{. 0349  Ag/S +.00031q  Cd  A^/S]  (2) 

*  .0349  Kjj  Ag/S  +.00031  Cj  q  Ap/'S  (2&) 

"*  c 

*  h  Vs  h  *  Vs  C21) 

The  factors  and  Kj  are  functions  of  IJacL  number  only  and  are  provided  in 
Figures  1  and  2  .  The  factors  Sre^,  Ag,  and  Ap,  and  q  are  functions  of 
body  geometry  and  are  defined  below. 

Sj£p  Cross-sectional  area  of  the  first  stage  motor  cylindrical 

section  (S  *  ~  d^j)  asd  is  the  reference  area  on  which 
C ^  is  based,  (ft") 

Ag  Cross-sectional  area  of  the  largest  cylindrical  section  if 

there  is  no  conical  frustum  on  the  aft  end  of  the  vehicle. 

If  there  is  a  conical  frustum  on  the  aft  and  of  the  vehicle, 
Ag  is  equal  to  the  cross-sectional  area-  of  the  conical 
frustum  at  the  point  of  its  largest  dia&/ater.  (£t^) 

Ap  Planfcra  area  of  the  total  vehicle  vhir.h  is  the  lateral 

projected  area  of  the  body.  As  the  vehicle  will  be 
composed  ot  cones,  conical  frustums,  and  cylinders,  the 
areas  af  these  sections  are  as  follows:  <£*,*) 

Cones  and  Conical  Frustums  ; 


R-  J~~- 

JLl 


"IT 

-*"~l^n+i 


3OTE:  For  a  cane  dR  ■»  G 


/  d  +  d  , . 
;  n  - _ n+i 


My*  l 


Vl  -  Xn}  m 


Cylinder 


**?  *  VVi  -  *„> 


w .  .) 


Therefore : 


Ap  *  SAAp 


Kj,  Kj 


+  ZAAp  +  EAAp 

s  conical  cylinder 

frustum 

Total  body  fineness  ratio  where  L  is  the  length  of  the  body, 
and  d  is  the  diameter  of  the  largest  cylindrical  section. 

(non dimensional) 

Factor  which  is  a  function  of  total  body  fineness  ratio. 

(Figure  3)  (nondimensional) 

Constants  which  are  a  function  of  Mach  number.  (Figures  1  and 
2  )  (nondimensional) 


2.  NORiAL  FORCE  CENTER  OF  PRESSURE 

The  normal  force  center  of  pressure,  xc„,  as  defined  in  this  procedure, 
is  the  location  of  a  point,  measured  from  the  nose  reference  station  of  the 
vehicle,  at  which  the  total  normal  force  acting  on  the  body  could  be  placed 
to  produce  the  same  moment  about  the  body  nose  reference  station  as  would 
the  distributed  normal  force. 

The  following  equation  is  used  to  calculate  this  parameter: 

r  r  ^  -  abl  i  i 


r  r  ^  -  abl  i  i 

'  %  V418*  L  S^T"  J  -  ' 00366  *c  1  Cdc  VSref  ) 


Si  '4  { 


4188  K 


Q  -  A, 


fc'  .  . 


00366  K  C . 
x  d 


*  VSrefj 


'  ^  '  %  {*3  L  sref  '  ]  '  K4  Xc  1  VSre£  }  <!"<*»»)  W 

The  parameters  sref»  *1  t  L»  an<*  are  3arae  as  defined  for  the 
purpose  of  calculating  the  slope  of  the  normal  force  coefficient,  V  Ihe 
factors  JCj  and-K^  are  a  function  of  Mach  nuaber  and  are  provided  in  Fifures  4 
and  5  ,  while  Q  and  x£  are  functions  of  body  seoatetry  and  are  defined  as  follows: 


Q 


Body  volume  of  the  total  vehicle  (Figure.  6).  The  equations 
to  be  used  to  calculate  the  volumes  of  the  cones,  conical 
frustums,  and  cylinders  are  as  follows:  (ft^) 


C.  BODY  SUPERSONIC  NORMAL  FORCE  COEFFICIENT 


The  method  described  herein  has  been  generated  for  the  purpose  of  calculating 
the  slope  of  the  normal  force  coefficient,  C^,  the  normal  force  center  of  pres¬ 
sure,  xcp,  and  the  normal  force  loading  distribution,  dCj^/dx,  for  a  pointed  nose 
body  of  revolution  near  zero  angle  of  attack  in  supe  sonic  air  flow.  The  Mach 
number  range  for  this  method  is  considered  to  be  from  2.60  to  10.  This  method  is 
based  on  second-order  shock  expansion  theory  as  presented  in  reference  1*  and 
an  extension  of  the  method  derived  in  reference  2*. 

Though  the  current  approach  was  intended  to  produce  a  means  of  calculating 
values  of  the  above  parameters  for  a  body  of  revolution  composed  of  conical  and 
cylindrical  sections,  bodies  with  curved  profiles  can  be  accommodated  by  approxi¬ 
mating  curved  sections  with  straight  line  sections. 


1.  NORMAL  FORCE  COEFFICIENT  SLOPE, 

Beginning  with  the  standard  definition  for  the  normal  force  coefficient. 


C,,,  we  have 
»1 


c  * 
V*1 


N 


N  q  S 


ref 


P_  tC  S 


2  *co  co  ref 


1 

f 


Z  p  vi2 

2  KC0  ref  0  0 


J 


f 


P  r  cos  <?  d(?  dx 


J 


7  P*  M»  sref  0  0 


I 


P  r  cos  9  do  dx 


As  the  slope  of  the  normal  force  coefficient  is  desired,  the  equation  for  C^, 


is  differentiated  with  respect  to  angle  of  attack,  (X .  Thus 

l  * 


dC, 


Sa 


N 


da 


7  P  H*  S  , 
«  •  ref 


If 


ref  0  0 


dP  J  , 

r  cos  9  dq>  dx 


(1 


(1 


(1 


a 


■*Thw-  references  are  listed,  in  Table  5. 


(2 


TABLE  5 


REFERENCES 


1.  Syvertson,  C.  Ai  and  Dennis,  D.  H. :  A  Second-Order  Shock-Expansion 
Method  Applicable  to  Bodies  of  Revolution  Near  Zero  Lift.  NACA  TR-1328. 

2.  Capiaux,  R. :  An  Extension  of  Second-Order  Shock-Expansion  Theory, 

IMSD  48381,  Lockheed  Aircraft  Corporation. 

3.  Blick,  E.  F.:  ’’Similarity  Rule  Estimation  Methods  for  Cones, ’’ 

A1AA  Journal..  Volume  1,  Number  10, '2,415-2,416,  1963. 

4.  Linnell,  R.  D.  and  Bailey,  J.  Z. :  ’’Similarity-Rule  Estimation  Methods 
for  Cones  and  Parabolic  Noses,"  Journal  Aeronautical  Sciences.  23, 
796-797  (1S56). 

Sims,  J.  L.:  Tables  for  Supersonic  Flow  Around  Right  Circular  Cones  at 
Small  Angle  of  Attack.  NASA  SP-3007. 
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Now  defining  A  as  the  non-dimensional  loading  on  a  chin  disk,  the  equation 
for  A  is 


JS 

f 

*  *■.>£*  o 


jp 


da 


cos  (p  dcp 


and  the  equation  for  C^,  after  substitution,  becomes 


'm 


2*  r 

"  As  J 


A  r  dx 


where  A„  *  it  r .  and  r.  is  the  radius  at  the  base  of  the  body  section  for  which 

D  1  1 


CNa  *s  ^eing  calculated. 


The  basic  problem  at  this  point  is  to  define  the  loading  parameter,  A,  for 
each  section  of  the  body.  As  shown  by  equation  (3),  to  define  A  it  is  necessary 


to  define  In  reference  I,  the  pressure  at  any  point  on  the  body  is  defined 


as 


P  -  Pc  '  (Pc  *  Pa)  « 


(1  -  e'11)  Pc  +  e"11  P2 


Differencing  with  respect  to  angle  of  attack,  a,  gives 


i|i 


aa 


A  *  A  +  A^ 


cm  m  cva&  *  ci&k 


cma  ”  x;  J  (1  -  e^> tan  *  c^c  r  dx 


T  r  dx 


Two  parameters  now  remain  to  be  defined,  (dP/dS^  in  equation  (7)  and 
dPa/dat  in  equation  (11),  Each  must  be  defined  separately  for  convex  comers 


and  concave  corners. 


and-  the  value  of  for  each  body  section  can  be  calculated  in  two  increments: 


A  convex  corner,  as  used  herein,  is  defined  as  a  comer  for  which  the 
section  downstream  of  the  comer  has  an  angle  o  which  is  smaller  than  the 
angle  n  of  the  section  upstream  of  the  corner.  It  follows  then  that  a  concave 
comer  is  one  where  the  angle  e  of  the  downstream  section  is  larger  than 
the  angle  o  of  the  upstream  section. 

The  definitions  of  (dp/ds)?,  which  are  contained  in  reference  1,  for  convex 
and  concave  corners  will  be  used  in  this  method.  They  are,  with  substitution  of 
symbols: 


Convex  Comer 


(s\ "  I*  (si sin  11  ■ sin  '*) +  s?  si  (i^ 


(16) 


F  *» 


f 

\y 


fr)( 


1  +  H 


0 


(sin  e) 


where 


2  2 

y  E(7  +  l)  ran((T2  -  ffi)  c^s  e  -  sin  e]  Mi  sin  £  *  sin  e 

£  -  - - - - - - - — ■ * - * - J - ~*j?~ 

l  +  fi  -  2sin  e  +  2tan(ffa  ■  c*)  sin  €  cos  e]  Mi  sin  t 


m  U 


(25  > 


To  define  dPg/da,  the  definitions  as  found  in  reference  ?.  for  both 


convex  and  concave  corners  are  used  with  only  slight  changes  in 

nomenclature- 

Convex  Corner 

- 

&  -  &>♦  0> 

(26) 

where 

,  .  fyiltei\($SlMx) 

\$Ka/&e  1  V&TISa.  • 

cm 

*  -  (§^>GS&iMs£?) 

■  %%< 

<  i 

Concave  Comer 

2z ,  ( 'ffiiV  +  (  Stu'lB 

da  \da  r  \  d«  J 

(29) 

2£u  ,  (£si\  *  /'"A, 

da  V  da  r  \da  r 

(30) 

where 

c  ■  §?+  (if) -(^  )  •  (lK)(§li)  (si ;  M) 

(31) 

»-(S0(fcM*X$fe)@fc'S) 

(32) 

30 


(34) 


At  this  point,  it  is  desirable  to  recapitulate  in  such  a  manner  as  to 
consider  the  equations  previously  given  as  being  the  general  equations  of 
this  method  and  the  equations  that  follow  will  be  those  to  be  used  for  numerical 
calculations.  This  requires  modifying  the  subscript  nomenclature  to  make 
possible  calculations  for  a  multi-sectioned  body. 

Rewriting  equations  (4  ) ,  (  5  ) ,  <7  ) »  ( 9  ) ,  (  10 ) ,  (11 ) ,  (12 ) ,  (13  ) ,  (14  ) 
and  (15)  gives 


AB(n) 


l 

J  ^(n)  r(n) 
0 


(35) 


where 


r,  “  r  +  (x  -  x  )  tan  o.  . 

(n)  r.  n  (r.) 

?..  =  (!-  e'7^)  P  ,  .  +  e"n(°> 
(n)  v  c  (n) 


P 

ns 


"to* 


3S  (Pc(n)  "  Pna)  cos  a 


(n) 


A  .  .  -  (1  -  e~^(n))  .tan  o, 

*M  M  Wrc^) 


\(*}  °  «■'* M  rM 


(») 


= /  (S1^  -  *  *■ 


(36) 

(3?) 

(38) 

(39) 

(40) 

(41) 


?1 


'  -=  ■  ->.V  v~. — -t-tjt 


A  v  “  (1  -  e"Tl^nb  tan  or  C  +  e-1Kn)  p 

(*0  (n)  (n) 


H-)  "  H(n)  +  Xcn) 


C  =  t~~" —  /  (1  -  e  ’Kn))  tan  a,  -v  C  r.  ..  dx,... 

ma(n)  kB(  n)  QJ  (n>  ^Cfr)  <n>  <44> 


r  =  ^2— 

^(n)  V)  ; 


!  e',lM  r(n)  r(„)  d* 


The  terra: 


as  (If0*) 


in  equation  (38)  and  *n  ecluation  (4l)»  as  noted . previously , 


must  be  defined  separately  for  a  cor.vex  comer  and  a  concave  comer  and  are  as 
follows ; 

Convex  Comer 


Using  the  definition  for  \^Jn  given  in  equations  (16)  through  (19)  and 
applying  subscripts  results  in  the  following: 


where 


t“  “  rf  Si"  %-!>  •  Sin  %))  +  (!)nl  <46> 


b  »  7..  Maa 

na  2QT  ~  1) 


where 


/  \  2  2 
(  (y+  i)  tan(o,  .  -  a.  .  ]  cos  €,  N  -  sin  e,  N  }  H  .  sin  +  sin  e,  . 

5  =  V  —  fa>  (n-l)V  —  Jnj _  fo)  nl  _  .(n) _ M.  (55a) 

/  9  \  2  2 

1  +  (  1  -  2sin~€.  .  +  2t.'?nfa/  .  -  a,  N]  sin  £.  *  cos  €,  *  )M  sin  €,  N 
\  (n)  1  (n)  (n~  )'  (n)  (n)J  nl  (n) 


Using  the  definitions  for  dFg/dC,  equation  (26)  for  convex  corners  and 
equations  (29)  and  (30)  for  concave  corners* and  applying  subscripts 
provides  the  following; 

Convex  Corner 

/dp=A  f  dpi  \  /dPtx\ 


/dF  \  /dP,  \  /dP_,\ 

Urj  -  (*r)  An+  (-£)  \ 


Concave  Corner 


(tU\  .(d*±)  c  ♦  C-hi)  o 

1  da  '  \  da  J  n  \  da  J  n 

n  n  /  n 


/dp..  \  /dP.  \  /dP  \ 
(dT1)  *  (dT1)  G  'f  (da1)  H 


The  subscript  n  has  been  omitted  on  equation  (58)  because  the  pressures 
are  a  function  of  the  body  sections  which  have  preceded  body  section  (n). 
Consider  equation  (57)  and  note  that  is  3  ^unct'on 


\dH  ni-1 


which  is  a  function  of  ^  which  in  turn  is  a  function  of 

and  so  forth  upstream  until  *  0.  Thus  there  is  established  a  re¬ 
currence  formula  which,  in  the  process  of  defining  also  defines  the 


and  so  forth  upstream  until  l  ^ 


Thus  there  is  established  a  re- 


also  defines  the 


parameter 
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TABLE  6 


EQUATICNS  FOR  T  FOR  A  CONVEX  CORNER 


No.  of 
Concave 


Equation 

No. 

Corners 

Preceding 

F(n) 

(1) 

nose  cone 

A 

n 

tan  a. 

(n-i) 

^NOt 

TC(n-i) 

(2) 

preceded 
by  convex 
corners  only 

A 

n 

Am 

(3) 

1 

Eq 

(2)  +  Bn 

V 

(4) 

2 

Eq 

(3)  +  Bn(GK 

»L  \l> 

(5) 

3 

Eq 

(4)  Bn(GK 

°L  "»  V 

(6) 

4 

Eq 

(5)  +  Bn(GK 

gl  ^  hn 

(?) 

5 

Eq 

(6)  +  8,(0* 

°I.Sl  V!0A01> 

(8) 

6 

Eq 

(7)  +  Bn(«R 

gl  Si  gn  go  hp  api> 

(9) 

7 

Eq 

(8)  +  B  (G„ 
n  K 

°L  S,  G»  G0  GP  HQ  AQ1> 

(10) 

8 

Eq 

(9)  +  B  (G„ 
n  K 

gl  gm  gn  go  gp  gq  hr  ari} 

(U) 

9 

Eq 

(10)  +  Bn(GK  G,_  Gb  G0  Gp  Gq  Gr  Hs  AS1) 

(12) 

10 

Eq 

<U>  +  B„<GK  GL  ^  S.  G0  GP  °Q  GR  GS  *t  \l> 

i  *  A.  .  *  (1  -  e  ^)  tan  a.  %  C.*^  +  e  ^ 

convex  corner  (n)  (n)  NO^^ 


(n) 


36 


TABLE  7 


EQUATIONS  FOR  T  FOR  A  CONCAVE  CORNER 


Equation 
No. 


No.  of 
Con  cave 
Corners 
Preceding 


r 


(1) 

nose  cone 

C 

n 

A 

ni 

(2) 

0 

C 

n 

A  (assumes  only  nose  cone  plus  convex  corners 

precede) 

(3) 

1 

C 

n 

A„l  +  VS  V 

(4) 

2 

Eq 

<3>  +  °„<gk  "l  \l> 

(5) 

3 

Eq 

<4>  *  D„  <Sc  gl  'Vi  V 

(6) 

0 

M 

Eq 

<5>  +  "n  (0K  °L  %  HN  V 

(7) 

5 

Eq 

<6>  +  Dn  <gk  °l  Si  S  "o  aoi> 

(8) 

6 

Eq 

<7>  +  D„  (gk  gl  Si  °t>  °o  "p  V 

(9) 

7 

Eq 

«>  +  D„  <Sc  \  Si  ge  go  °p  "q  V 

(10) 

S 

Eq 

<9>  +  Dn  <gk  gl  Si  gn  go  gp  gq  hp.  V 

(11) 

9 

Eq 

(1°)  *  Dn  <GS  Gl  Gy  g„  G„  Gp  Gq  Ge  Hs  AS1) 

(12) 

10 

Eq 

(11)  +  Dn  (Gk  Gl  Gy  Gh  G0  Gf  Gq  Gp  Gg  llj  Ajj) 

A 

concave  corner 


A 


(n) 


-  (1  - 


>>1 


tan  a 


(n)  NO, 


+  e 


(«) 


I  C(n) 


(n) 


'  Y5  -  X^-? 


:-t;.  -  •■>•’  y^S 


TABLE  7  (Cont) 


Where  the  Subscripts*  Are 


Upstream  corner  of  body  section  being  analyzed 


K 


Upstream  corner  of  nearest  concave  body  section  upstream  of 
body  section  (n) 


Upstream  comer  of  nearesc  concave  body  section  upstream  of 
body  section  <K> 


M 

N 

0 

P 

Q 

R 

S 

T 


Same  as  L  except  upstream  of  body  section  (L) 


tt  i  i  it  it 


it  tt  tt 


;t  tt  tt  tt 


tt  tt  tt  it 


u  it  tt  it 


st  :i 


tt  tt  t-  ti¬ 


ll  tt  »t  tt 


It  t! 


(M) 

(N> 

(0) 

(P) 

<Q) 

00 

(S) 


When  used  with  a  letter  subscript  (  Example  Kl);  refers 
to  conditions  on  upstream  side  of  corner. 


•These  subscripts  are  applicable  to  both  Tables  6  and  7. 
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w 


) 


0 


1  \ 
yu 


1^  5*1 


oM  /dP 


dH  /dPt  \ 

na  Ln2) 

dM  /hi  1 
m  m 


di'  \  /dM  \  /do  he 

^Vsr'-Xsr-  ■'  sr- 


r^aV  r  naV  nVS n  > 
iJi,  -Isr-UsrHsp^'  s~-  i 

ni  Lni  (n)  m  cni  (n) 

lS5p)  T  \St  HSpA  M5r“)l5T'l\Spf-/  &—■) 

Lni  ni  Lni  (n)  ni  cm  (n)' 

A.A  /*tnA  (*n\,Ki  \ 

Is — ns? — J  •  (sr-Hs-1'?®  1  sr:1 


m  m 


/  \  ‘  V*  .  . 

(n)  ni  til  (n) 


ni  ni 


na  n2  ns 


— y — v;  -  7(7  +  i)*  (7 
hi  K  (Mr  -1)* 


ni  ni 


r; m m  m j*>,i  i  niim  ajumt  J^juuni  „  »l«  '  !«.*-■  ■^.■p  ppm  «i  jp,l  h  ■T'r-s  nOTPimw £ws.mwvnp^mr^ii^in^e« l.w»*  j  jb  j  j j  ■  i .  wk m 


Referring  now  to  equations  (5)  and  (12),  it  is  seen  that  values  of  the  pres¬ 


sure  on  a  cone,  Pc,  and  the  slope  of  the  normal  force  ceefficiait  for  a  cone, 


C  are  required.  Both  of  these  parameters  are  a  function  of  Mach  number 

^TC 


and,  therefore,  the  surface  Mach  number  or  a  cone  is  also  required.  Values  of 
these  parameters  can  be  determined  from  several  sources,  but  to  simplify  the 
procedure  for  machine  calculation,  equations  will  be  used  to  calculate  the  pres¬ 
sure  and  Mach  number  on  the  cone  surface.  Values  from  reference  S  will  be  used  for 


values  of  C„_  and  these  are  contained  in  Table  8. 
**0 


The  Mach  number,  as  derived  from  reference  3,  is 


M 


/  sin  a.  . \  % 
K  cos  o.  .  (l  -  - - ““■) 

_lii _ frO.A  ..  .  „  / 

[x.O  +  0.35<Mnl  .tn  %)>  'j4 


for  OSH  sin  o,  %  2  1.0 
nx  (n/ 


and 


M  cos  o,  N 
m  (n) 


(« • 


M 


nx 


m 


*n? 


[l  +  o*p  (-1-1.52  Mni  sip  .(n))][l 


for 


M  sin  a,  *  2  1.0 
ni  (n) 


The  pressure  on  a  cone,  Pc*  is  calculated  from  the  equation  for  pressure 
coefficient  in  references  3  and  A,  which  is  in  current  nomenclature, 
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(88) 


m  I 


'-ssif 

m  'r-i\ 


f3 


;\f 
3=1 


«>*> 

SI 


-.3 


SI 


'S  i 

-i 


-  Jl 


,  3 


4 


(89) 


B  ifj 


% 


Pi 


i 


a  '^sj 

fr#  n 


Rl 


ZZ-. 5 


-jsafpgwsp,  'ftsgsgg^^®- 


WKuMUJrt'' 


00 

3 

« 

H 


(4  sin2  ff(n))<2*5  +  8  -  l  sin 


1  +  16*1*  -  1  sin  ff/ 


But  also 


P/PM  -  1 
00 

C  a  — — —  — — 

p  *m2 

2  neo 


therefore 


P=(n)  *  Pnl  Bi»alV 


-  2  j(4  sin2  0.  . ) (2,5  +  6'^?\  -  1  sin  n,  .)' 

1  +  t  M  - - ni  (n) 


i  ni 


1  +  16  -  1 
tU 


sin  o. 


It  has  been  shewn  that  this  method  of  calculating  C  for  a  vehicle  calcu¬ 


lates  the  incremental  contribution  of  each  body  section*  These  incremental  con¬ 


tributions  are  nondiraensionalized  by  the  dynamic  pressure,  q,  immediately  up¬ 


stream  of  the  particular  body  section  and  the  cross-sectional  area  at  the  down¬ 


stream  end  of  the  same  bedy  section.  It  is  necessary  to  use  common  nondimensionaliz 


ing  factors  and  these  will  be  the  dynamic  pressure  of  the  free  stream  iramed lately 


ahead  of  the  vehicle  and  the  cross-sectional  area  of  the  largest  cylindrical  section 


of  the  vehicle.  These  factors  are  identified  by  the  symbol  qJX  for  the  free 


stream  dynamic  pressure  and  for  the  crcss-sectional  reference  area. 


M 

S'L  -  l  <v 


where 


q  -  \  P  K2 
ni  Z  vi  ai 


.»  »  .  -  *  V  ? 


X' 


E.-*s 
?  rfc 


A®(n)  “  *  rn  +  1 
2 

ref  ref 


m) 


(97) 


2.  UNIT  NORMAL  FORCE  LOADING  DISTRIBUTION 

The  longitudinal  loading  distribution  of  the  normal  force  coefficient  is  ex¬ 
pressed  by  the  parameter  dCj^dx  and  is  developed  below. 

Previously  the  slope  of  the  normal  force  coefficient  was  defined  as 


“NOE 


2c 


l 

I  '■ rd:: 


(4) 


but  it  can  also  be  defined  as 


Sw  *  /  (dCNo/dx* 


dx 


(98) 


therefore 


vfcera,  as  before. 


<dc!e/d>!)  '  §  * 


A  =  A  -?>  A. 
a  & 


(99) 


-  <1  -  e"1) 


tan  e 


C*rc 


+  s”*1  r 


and 


Thus 


r  =>  svr  x  tan  u 


(8) 


(12) 


(100) 


U 


0 


(dC^dx)  “  ~  jjl  -  -c~ni  tan  tf  ^  +  e'^Tj  (rx  +  x  ran  o)  (?  01 ) 


jl'C 
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Tha  distribution  in  the  above  form  is  referenced  to  the  dynamic  pressure 
insnediately  upstream  of  the  subject  body  section  aad  to  the  cross-sectional  area 
-ic  the  downstream  end  of  the  same  body  section  Once  again,  it  i3  necessary  that 
the  incremental  values  be  referenced  to  the  same  value  of  the  dynamic  pressure 
qia,  and  area  Sref.  The  equation  for  the  loading  distribution  chen  becomes 


f'W*') 


2  jt  q 


&L 


12  qn  S 


ref 


0  -  •"> 


an  o  C 


He 


-n 

e  *  r 


( 


(rx  +  x  tan  i) 


The  above  development  for  the  leading  distribution  tiflC^/dx),  provides 
the  general  equation  for  this  parameter.  Adding  appropriate  subscripts  produces 
the  form  of  the  equation  to  be  used  for  calculating  the  loading  distribution 
over  each  body  section  of  a  multi-sectioned  vehicle.  This  is 


2  Jt  q„ 


(n)  12  qn  S 


ref 


(l  -  e"n(nA 


tan  a,  .  C 

M  ®1rc(„i 


+  e_T,(r)  T 


(n) 


(r„ +  51  £an  %)) 


where  x  *  x  ,  -  x 
ni  n 


(] 


For  most  body  sections,  the  loading  distribution  should  be  adequately  de¬ 
scribed  by  values  at  six  longitudinal  body  stations.  These  points  will  be  at 
the  forward  end,  aft  end  and  at  four  intermediate  locations  equally  spaced  along  the 
body  section  of  the  vehicle.  This  will  apply  to  each  body  section  of  the  vehicle. 


3.  NORMAL  FORCE  CENTER  OF  PRESSURE 

The  center  of  pressure,  ss  used  here,  will  be  defined  as  the  longitudinal 
location,  in  body  station,  of  the  centroid  of  the  normal  force  loading  distri¬ 
bution. 

Using  the  norms!  definition  of  a  moment  of  force  end  the  usual  sign  convention 


Kora  *  -Nx 


H<*ref  '  **,> 


Now 


N  -  CKry  O  q  S 


ref 


and 


Srefd 


Thus 


Crf<  “  =>  Sre£  d  *  <*»  “  ’  Sre£(xref  '  \p> 


Rearranging 


C«o  °  »  Sref  d 


c?  c_«'is 


Mr  “  ’  "ref 


Cmor  d  „ 
C,_  ref 


act 


If  xre^  is  defined  as  zero  body  rtation,  then  xref  *  0 


and 


C  _  d 
X  »  roO 

cp  -r — 

Ntt 


In  reference  1>  the  definition  of  is  given  as 


* 

/ 


Cn«  -  TTi  >  A  d* 
B  0 


with 


A  -  (1  -  .”n)  tan  0  C™,  +  c~J]  T 


then 


2  x 


«°  *Bd 


r/ 


<1  -  e_T1)  tan  «  +  e"n  T 


rx  dx 


(112) 


TW  A 


B 


/  (1  -  e  ')  tan  o  C +  e  ^  T  rdx 

J  [  fBtrc  J 


i.nd  the  center  of  pressure  is 

r  i 


cp 


{2-2- 
jV  0 

f  j*1  “ e  n>  tan  a  cmtc 

i 

v-J 
*  0 

1(1  -  e  ^)  tan  a  C 

1 

p» 

/  | 
o  1 

•  _ 

(1  -  e  ^)  tan  o  C.w  +  e 
[  li0(rc 

'  /  I 

(1  -  e  Tl)  tan  a  C_,  +  e 

d 


(113) 


rdx 


(113a.) 


rdx 


Equation  01$  Is  then  the  general  equation  for  the  center  of  pressure. 
The  same  equation  with  the  proper  subscripts  added  will  be  used  for  calcu¬ 
lations  and  is 


I  [(>  -  "(1 


e  (n)|  tanff  ,  *  C._  +  e  ^  T 


(n) 


(n) 


r,  .x 
(n) 


c.p 


(n)  1 


/  [j1  • e  "<n>) tan  • 


<">  Sc,  ,  + 

(n) 


(n) 


e  r 


(n) 


r(n) 


where 


X<n)  *  (x  "  x„> 


(13) 


and 


r  +  (x  -  x  )  tan  c 


(36) 


*s 

il 


B 

rs 


The  above  equation  defines  the  center  of  pressure  for  one  particular  body 
section, vhereas  the  center  of  pressure  of  the  loading  over  the  complete  body  is 


i,  fY '  i  *4J  i  ,  !  ' 1  i  /  j,  1  r. 

vtoWJ ... 4 ifruw;  t1ir,lijii. st 1 , 


F -G-nrX1  ♦  M«) s 


sin  £<n)  5 
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where 

[(7  +  1)  tan  (ff 


t 


2  2 

,  .  -  a,  ,v)  cos  €,  .  -  sin  €,  s3  M  .  sin  €,  .  +  sin  €,  x 
fa)  fo-D _ fa)  fa)  nl _ (nj _ Isl 


2  2 

J.  +  [l  -  2  sin^c,  N  +  2  tan  (tf,  v  -  0,  ,  *)  sin  €,  N  cos  e,  N]  M  sin  t.  ^ 

(n)  fa)  fa-1)  fa)  fa)  ni  (n) 


0  1  H  sin  a,  .  *  1.0 

_ Hi .  -iS> _ 


M 


M  cos  a.  . 

"■1  fa) 


/  sin  9. 


n* 


[1.0  +  0.35(Mni  sin  • 
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LIMITS  ON  PARAMETERS 


("(n>  ‘  ’(n-l)' 

a.  O-  <  (a(n)  -  5  3°-°‘ 


M 


nl 


a.  2.6  S  M  4  10.0 
ni 


for  a  convex  comer,  (<J^  < 


a. 


*  0.0 


na 


b.  Must  have  same  sign  as  the  pressure  difference  (pc(nj  *-pn2) 
for  a  concave  corner,  (°^nj  >  °(n-l)^ 

'  02 

a-  (Is)  *  °*° 

na 

b.  Must  have  same  sign  as  the  pressure  difference  <pc(n)  "  pn2) 


for  both  convex  and  concave  bocty  sections 
a.  Because  of  3  and  4  above,  it  follows  that  85  0.0 


NOMENCLATURE 


Symbol 

Definition  - 

Units 

A 

Parameter  Defined  by  Equation  (59) 

Base  Area  of  Body  Section  (n) 

sq  ft 

b 

Parameter  Defined  by  Equation  (17) 

B 

Paramo" er  Defined  by  Equation  (60) 

C 

Parameter  Defined  by  Equation  (61) 

dS/dc* 

Slope  of  Pitching  Moment  Coefficient 

1/deg 

CN 

Normal  Force  Coefficient 

dim. 

CP 

Pressure  Coefficient 

<*  *  - '  A p.  B-> 

dim. 

CNO*  dCN/t,0< 

Slope  of  Normal  Force  Coefficient 

1/deg 

Ctyy 

Slope  of  Normal  Force  Coefficient  for  a 

1/deg 

Tangent  Cone 

dCNCt/dx 

Longitudinal  Loading  Parameter 

1 /deg- in 

d 

Body  Diameter 

in* 

ft 

D 

Parameter  Defined  by  Equation  (62) 

e 

Base  of  Naperian  Logarithm 

dim. 

E 

Parameter  Defined  Equation  (65) 

dim. 

F 

Parameter  Dafin.-  by  Equation  (55)  and  (55a) 

dim. 

G 

Parameter  Defined  by  Equation  (63) 

dim. 

H 

Parameter  Defined  by  Equation  (64) 

dim. 

1 

Upper  Limit  of  Integration 

ft 

M 

Mach  Nwnber 

dim. 

Mom 

Moment: 

in-lb 

N 

Normal  Force 

lb 

P 

Pressure 

psi 

psf 

P, 

Static  Pressure  at  Downstream  Side  of  a 

psi 

2 

Corner 

psf 

P 

c 

Cone  Surface  Static  Pressure 

55 

psi 

psf 

psi 

psf 


r 

5 

s 

x 

x 

a 

7 

r 

6 
c 

C 

rt 

0 


ref 


cp 


P 

P 

« 

9 

9 

ft 


Dynamic  Pressure 

(|m2) 

Body  Radius 

Distance  Along  Streamline 

Reference  Area  (Cross-sectional  Area  of 
Largest  Cylindrical  Body  Section) 

Longitudinal  Distance  Along  Body  (Body  Station) 

Normal  Force  Canter  of  Pressure ,  Body  Station 

Angle  of  Attack  in  Pitch  Plane 

Ratio  Gf  Specific  Hears 

Loading  Parameter  Defined  by  Equation  (H) 

Shockwave  Angle  Relative  to  Body  Centerline 

Shock  Wave  Angle  Relative  to  Flow  Direction 
Immediately  Uptftream  of  Body  Corner  (Two- 
Dimensional  Flow) 

Parameter  Defined  by  Equation  (55a) 

Exponent  of  e 
Flow  Turn  Angle 

(  °(n)  '  Vl)) 

Loading  Parametwr  Defined  by  Equation  (3)  &  (12) 

.  -1  1 
sin  if 

Density 
Pi  *  3.1416 

Body  Surface  Angle  Relative  to  Body  Centerline 

Body  Meridional  Angle 

Parameter  Defined  by  Equation  (18) 


psf 


in. 

ft. 

in. 

sq  ft 


in. 

ft 

in. 

deg 

dim. 

dim, 

deg 

deg 


dim. 

deg 

dim. 

dim. 

Slugr,/cu  ft 

dim. 

deg 

deg 


U 


O 


5G 


First  Increment 


Second  Increment 
Base 

Cone  Value 

Center  of  Pressure 

i  th  Section  or  Location 

Body  Sect -'on  for  which  Values  are  being  Calculated 

Upstream  Comer  of  Body  Section  (n) 

Upstream  Side  of  Upstream  Comer  of  Body  Section  (n) 

Downstream  Side  of  Upstream  Comer  of  Body  Section  (n) 

Upstream  Side  of  Downstream  Comer  of  Body  Section  (r.) 

(Same  as  (n  +  1)1) 

Nearest  Body  Comer  at  which  a  Concave  Comer  Occurs  Upstream 
of  Body  Section  (n) 

Nearest  Body  Comer  at  which  a  Concave  Comer  Occurs  Upstream 
of  Body  Comer  K 

Nearest  Body  Comer  at  which  a  Concave  Comer  Occurs  Upstream 
of  Body  Corner  L 


Nearest  Body  Corner  at  which  a  Concave  Comer  Occurs  Upstream 
of  Body  Comer  M 

Nearest  Body  Comer  at  which  a  Concave  Comer  Occurs  Upstream 
of  Body  Corner  N 

Nearest  Body  Comer  at  which  a  Concave  Corner  Occurs  Upstream 
of  Body  Corner  0 

Nearest  Body  Comer  at  which  a  Concave  Comer  Occurs  Upstream 
of  Body  Corner  P 

Nearest  Body  Corner  at  which  a  Concave  Comer  Occurs  Upstream 
of  Body  Corner  Q 


s 

7. 

t 

TC 

ref 

1 

2 

3 

11 

a 

so 


Nearest  Body  Corner  at  which  a  Concave  Comer  Occurs  Upstream 
of  Body  Corner  R 

Nearest  Body  Comer  .it  which  a  Concave  Corner  Occurs  Upstream 
of  Body  Corner  S 

Total 

Tangent  Cone 

Reference 

Upstream  Side  of  Upstream  Corner  of  Body  Section 
Downstream  Side  of  Upstream  Comer  of  Body  Section 
Upstream  Side  of  Downstream  Corner  of  Body  Section 
Body  Free  Stream  Value 

Derivative  with  Respect  to  Angle  of  Attack  0! 

Local  Free  Stream  Value 
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D.  LIFTING  SURFACES  AERODYNAMIC  PARAMETERS 


This  subroutine  is  designed  to  provide  the  capability  of  predicting 
the  force  and  moment  contribution  of  lifting  surfaces  to  missile  aerodynamics 
and  control.  The  planforms  of  the  surfaces  are  restricted  to  a  basic  delta 
planform  with  an  unswept  trailing  edge  and  taper  ratios  in  the  range  of  0.0 
to  0.60  (0.0  5  X  *  0.60). 

The  surfaces,  whether  they  are  canards  or  tail  fins,  are  considered  to 
occur  in  sets  consisting  of  two  pairs  of  surfaces  in  r.  cruciform  configura¬ 
tion.  Deflections  for  pitch  and  yaw  control  are  possible  but  only  by  deflect¬ 
ing  the  full  semi-span  surface  (i.e.  no  provisions  for  partial  chord  flaps) 
and  each  surface  of  a  pair  is  deflected  identically  to  the  other  (i.e.  no 
differential  deflections). 

The  basic  aerodynamic  parameters  derived  from  this  procedure  are  C^, 

C„„>  C*,. ,  and  x  versus  Mach  number  for  canards  and  fins.  The  force 
DO  DL  cp 

coefficients  C_^,  CDQ  and  are  calculated  per  pair  based  on  the  exposed 
planform  area,  Sexp,  of  the  particular  lifting  surface.  As  it  is  desired  to 
use  the  values  of  these  parameters  as  they  3pply  to  a  missile  system,  equa¬ 
tions  are  provided  to  resolve  them  into  normal,  side  and  axial  force  coefficients, 
C^,  Cy,  and  in  the  missile  axis  system  and  based  on  S^e£,  the  missile 
reference  area. 

In  addition,  equations  are  provided  for  determination  of  hinge  moments 
produced  by  the  lifting  surfaces  and  a  procedure  for  calculating  an  estimated 
weight  and  canter  of  gravity  of  the  lifting  surfaces.  The  weight  calculated 
is  an  estimate  only  of  the  weight  of  the  exposed  surfaces  and  does  not  include 
an  estimate  for  attachment  or  actuation  system  weights. 

1.  BASIC  FORCE  AND  MOMENT  EQUATIONS 

Assuming  u  missile  system  composed  of  an  axisymmetric  body  with  cruciform 
canards  and  cruciform  fins,  the  following  equations  can  be  written,  referenced 
to  the  missile  axis  system. 

Static  Forces 


K  «  H.  +  H  +  N, 
o  c  t 

(Fitch) 

(1) 

Y  «  +  Yc  +  Yf 

(Yaw) 

(2) 

A  «  A.  +  A  +  Af 

(Axial) 

(3) 

£3 
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An  A 


b  ■  cl,b 

e-S  - 
>  rer 

- - 

<*) 

c  “Sc 

t  Srer 

- 

^  - 

(5) 

£“CK£ 

«  Sre£ 

<*) 

b’S 

11  Sref 

- 

(7) 

o 

K 

O 

q  S  - 
n  rer 

(8) 

f  *  CYf 

q  S-  £ 

M  ref 

- 

(9) 

*  c  _  ct 

Nb  NOtb 

(10) 

C„  *  Cx„  CE  ..  e 
Nc  NOtc  effc 

ref 


U 


S 

»  c 


Is-  ([‘W^cP^c^p’*}0*0 

sref 


vj 


<U) 


CNf  *  CN0ffaefff  $f 
Sref 


S, 
«  f 


ref 


([°Lr«fa*6tP)+Clf(a*®£P)40!a 

4{CIX>£+KLf[CI«£<“*!'£P>CU(at5£P)Elr}sin'lr  )  Cl2> 


cYb  *  “mb'* 


(13) 
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- 

CYf  "  CNO*eefff  ~~ 
ref 

(15) 

Sref 

^CD0£+\f[CWf<Ptt£V>+Cl£(B4*£V,"r'i,'B) 

For  the  Axial  Force 

Ab  ”  C/,b  q  Sref 

(16) 

Ac  “  (CAcP+CAcV'  q  SCef 

(17) 

A£  ‘  <CA£P+CAfY>  "  Sre£ 

(19) 

Where 

CAb  *  CAb 

CAcP  -  ({w\c[W°*\p 

-[CLOc(afBcP)+<:lc(c,*6cP)+Clc<0*BcP)?}inC 

Gi 


CAcY  -  ({wlt!.c[CLC<c(B+6cY>*ClC(3,*cY)S]1c‘’*  9 

-['loc^cy^u^cy^]'1"  #)r 

r 

CA£P  ’  (1  W*U  ['LOf^fP^f^fP^JV’  “ 

•['LW^fP^lf^fp''2]'1"  «)|l 

r 

°A£Y  ■  ({  CD0£+1!Lf['W(9rt£Y,+Clf(Bti£Y’2jl“S  6 

‘M^fY^lf  te+S£Y)aJ5in  S) 


Static  Moments 


Mb  +  Mc  +  Mf 


Pitch  Moment 


M  *  N.  x.  +  N  x  +  N,  x-  +  A,  z. 
v  bb  cc  ff  bb 


Yaw  Moment 


M  *  Y<  x,  +  Y  x  +  Yc  x,  +  A,  y, 
z  bb  cc  ff  Tj-'t 


‘Nb  yb  -  Yb  2b  •  Nc  ycg  -  Nf  yC8  '  Yc  *cg  -  Yf  zcg 

*^*b  ~  ''b  ~  MC  -’’b  "  ^b  "!'c  ^b  Yf  *b 

•Wb  +  "c  +  Nf>  Yb  -  <Yb  +  Yc  +  V  *’b 


The  forces  Nc>  N^,  A^,  Y^.  Yc  and  Y^  have  been  defined  leaving  the 
definition  of  the  moment  arms.  These  are  as  follows: 


X.  ■  X  *  X  . 
b  eg  cpb 


X  *  X  -  X 

c  eg  epe 


X-  *  x  -  X  r 
f  eg  cpf 


2,  *  Z 

b  eg 


yb  *  ycg 


(30) 

(31) 

(32) 

(33) 

(34) 


Lifting  Surface  Hinge  foment 

The  general  equations  for  the  lifting  surface  hinge  moments  and  moment 
arms  are: 

(H.M.)  -  tteh  -  CA^  (35) 


<«•»•),  *  +  Vl, 


Where 


X.  *  (X  -  x  )  cos  b 
h  H  cp 


(36) 


(37) 


*h  '  (*H  '  Xcp>  Si"  6 


*h  *  <XH  '  *cp>  sin  5 


Thus,  for  the  canards 

<«■«.)  yc  -  V*„c  ■  xcpc)cos  5cP  +  CAcP  {xHc  ■  \pc>  si"  5cP 


(H.M.)7r  **  Y  (x,,  -  x  )cos  b  „  +  C,  ..  (x„  -  x  )  sin6  „ 

v  /zc  c  He  epe'  cY  AcY  He  epe  cY 


(38) 


(39) 


epe 


C*0) 

(41) 
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2.  INPUT  PARAMETERS 


The  parameters  required  as  input  are  xor»  cR„  x^,  and 

d  Except  for  d  ,,  sets  of  values  of  the  other  parameters  must  be 

ref  r  ref 

provided  for  each  set  of  lifting  surfaces ,  canards  and  tail  fina. 

Limitations  exist  on  the  range  of  permissible  values  for  some  of 
these  parameters  and  are  defined  below .  Definitions  of  all  the  parameters 
can  be  found  in  the  section  on  nomenclature  and  sketches  defining  the  axis 
system;  lifting  surface  geometry  and  missile  geometry  are  provided  in 
Figures  7  thru  10. 


24.0°  £  £  S  70.0° 

JL* 

0.0  £  A  £  0.60 

0.03  £  T  5  0.12 

xorf  5  Xe  “ C  Rf 

The  above  are  limitations  on  the  input  parameters  and  must  be 
controlled  at  that  point.  Additional  limitations  exist  relative  to  values 
of  some  of  the  parameters  which  are  calculated.  These  are; 

AR  Limits  on  this  parameter  are  defined  in  Figure  11  as  a 
function  of  the  limits  imposed  on  and  X. 
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b.  I4FT1NG  SURFACE 


Figure  8.  Lifting  Surface  Geometry  Parameters 
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VIEW  LOOKING  FORWARD 


3.  DETERMINATION  OF  PARAMETERS 

An  examination  of  the  equations  vhi ch  define  the  static  forces  and 
moments  will  show  that  values  must  be  determined  for  the  parameters  C^, 


C, ,  C„„,  K,  ,  S  and  .  Values  of  the  parameters  versus  Mach  number 
I  DO  L  exp  cp  r 

must  oe  determined  for  each  set  of  surfaces. 


The  linear  value  of  lift  curve  slope  for  canards  and  fins  is  determined 
versus  Mach  number.  For  subsonic  values  of  Mach  numbers  0  $  M  ^  1.0,  C  is 
determined  from  Figure  12  as  a  function  of  •J 1  -M®  tan  €„  and  taper  ratio, 

r  1  la 

and  for  supersonic  Mach  numbers,  M  >  1.0,  is  determined  from  Figure 
13  and  the  equation  shown  on  that  figure  as  a  function  of  AR  and 

taper  ratio.  The  parameter  determined  in  this  manner  is  C^/AR  per  radian, 
and  to  produce  per. degree  use  the  equation  below: 

C  ,  (  JM-)  -AL¬ 

LOT  '  AR  '  57.3 


(44)  j 


Data  provided  for  the  above  will  accommodate  values  of  PAR  up  to 
109.34788  which  corresponds  to  a  condition  of  M  *  10.0,  AR  »  10.98988 
and  A  *  0. 


Tiie  parameter  Cj  is  defined  as  the  nonlinear  lift  curve  factor  and  is 
obtained  from  Figure  14  for  the  appropriate  aspect  ratio. 


The  dvag  coefficient  at  aero  lift,  C  ,  is  composed  of  two  components, 

DO 

friction  drag  coefficient,  Cpp,  and  form  or  pressure  drag  coefficient,  C^p. 
For  Incompressible  flow,  the  form  drag  coefficient  is  small  enough  relative 
to  the  friction  drag  coefficient,  that  the  parameter  for  M<1.0  is  defined 
as  follows: 


CD0  CDF 


M  <  1.0 


The  above  is  limited  to  the  caaa  wier*  M  <  1.0,  therefore,  another 

definition  for  C„„must  be  vjed  for  the  case  where  M  >  1.0,  thus 
DO 
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Figure  12.  Subsonic  Linear  Lift  Curve  Slope 


F  su>-e  ID.  Supersonic  Linear  Lift  €",rve  Slope 


jaeawag  ?r.\^gsa^ggga^£giq£ilS5g£3^^SSS§e$l£3Sl£S5^^!^]^g^5‘i!i? 


where 


"Dw 


CDF  +  CDP 


r..x=  -f 


M  >  1.0 


Sp  '  V  t  R(10> 


CAR 


(M  -  0.9)  +  CAR 


-iEAR  o 

j1  ! 


(46) 


(46a) 


m  \ 

:.Q  '■ 
J  = 


V.^ 

ys 

4  >■ 
'?  ■ 
V  I 

:*4- 

I5*  : 


with 


B  =  0.51393 
C  =  0.35801 
D  =  1.65 
E  *-"1.0613 


i  **-0.79948 
j  *”1.4767 
k  *-0.1765 
■*  5  743 


5* 

•'« 


The  friction  drag  coefficient  C^p  is  a  functicn  of  Reynolds  number 
and  wetted  atrea  and  is  determined  in  the  following  manner. 

a.  For  a  given  Mach  number  and  type  of  miss  Lie,  determine  Rj-./FT 
from  Table  9. 

b.  Calculate  e  in  feet 


c. 


-  !r_  .i  x  x2 

C  =  18  vl  1  +  A 


where  cR  is  in  Inches 
Calculate  R^ 

R* "  <Vra>  * 


) 


(47) 


(48) 


d.  For  given  M  and  corresponding  Recalculate  C,  from  equation  49 

I 

r,  -  | - °- — ■  j  1  [a  +  0.162  M2)"0-58] 

LaoSlo  V‘-5SJ  L  J 

or,  for  hand  calculations,  C^  may  be  obtained  from  Figure  15. 

e.  Calculate  Cn_ 


(49) 


r* 


•?  ! 

S  s 

•f  5 


-i 

y* 

5 


CDF  *  Cf  S 


^TET 


Exp 


2C, 


(^0) 


saWSt 


TABLE  9 


VARIATION  OF  REYNOLDS  NUMBER  PER  FOOT  VERSUS  MACH  NUMBER 


(R^/FT)10" 


Number 

-iU 

J21 

J£L 

0.0 

3.70 

3.30 

3,55 

1.976 

0.50 

3.70 

3.30 

3.55 

1.976 

0.75 

5.25 

4.62 

4.68 

2.964 

0.95 

6.25 

5.55 

5.45 

3.754 

1.00 

6.50 

5.77 

5.55 

3.952 

1.25 

7.47 

6.57 

6.21 

4.940 

1.50 

8.22 

7.13 

6.75 

5,928 

2.00 

9.02 

7.87 

7.40 

7.904 

2.60 

9.20 

8.21 

7.50 

10.275 

3.00 

8.90 

8.15 

7.04 

11.856 

4.00 

7.00 

6.70 

4.52 

15.808 

5.00 

4.75 

4.85 

2.62 

19.760 

6.00 

3.10 

3.40 

1,44 

23.712 

8.00 

1.05 

1.18 

0.48 

31.616 

10.00 

0.45 

0.42 

0.3C 

39.520 

•„  t 

U  i 


<1)  Small  Ballistic  Missile 

(2)  Large  Ballistic  Missile 

(3)  Large  Booster  Vehicle 

(4)  Small  Air  Launched  Missile 


Ei^BSssassBasseesssc 


and  K  is  determined  as  a  function  of  Mach  number  from  Figure  26. 
cp 


and  7. 


The  8 panwise  center  of  pressure  is  determined  from  the  basic 
assumption  that  the  epanviss  loading  distribution  over  the  lifting  sur¬ 
faces  is  -elliptical  in  shape  at  all  Mach  numbers .  With  this  assumption 
then* the  center  of  pressure  is  a  constant  fraction  of  the  lifting  sur¬ 
face  semi-span,  b/2,  and  the  definition  below  will  be  used. 


rb  +  0.42441  (b/2) 


zcp  "  rb  +  °*42441  0>/2)  (51 

For  application  in  the  controls  section  of  the  trajectory  subroutine, 
it  is  desired  that  the  center  of  o:  assure  and  hinge  line  be  referenced  from 
the  root  chord  leading  edge  in  fraction  of  the  root  chord.  This  can  be 
acccxnplished  by  using  the  equations  below. 


*H 


4.  LIFTING  SURFACE  WEIGHT  AND  CENTER-OF-GRAVITY 

The.  weight  and  center  of  gravity  of  the  lifting  surfaces ,  as 
formulated  below,  will  be  based  on  a  symmetric  double  wedge  type  air¬ 
foil  section.  The  volume  of  material  for  each  fin  will  be  calculated 
assuming  a  solid  airfoil  section.  The  resulting  weight  will  be  cal¬ 
culated  frar  the  volime  and  the  density  of  the  material  used.  An 
option  between  two  materials,  steel  and  aluminum  alloy,  is  provided. 

Using  the  approach  of  a  solid  airfoil  section  for  the  lifting  sur¬ 
faces  will  provide  an  estimate  of  what  should  be  a  near  maximum  weight 
for  a  set  of  canards  or  fins  in  a  cruciform  configuration. 


Lifting  Surface  Weight 


1 


TC 


1..N  5  -  §  /  f  -  f 


(60) 

(61) 
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Cross  Sectional  Area 


A  -  (4)  <%)  <§>  (|) 


fcl 

tc 

- 

\  Tc2 

Where  %  m 

t_ 

c 

c  * 

^SE 

*LE 

XTE 

«  K 

or 

+  CR 

*LE 

• 

X 

o 

►t 

+  y  cot 

c  ■ 

C  •  1 

CR  • 

y*  cot 

b/2 

V0L  *  4  f  \-«ettdy 
b/2 

*  4  /  Vrc2dy 

o 

b/2 

-  2t  /  (c^  ~  y  cot  £l)s 

-  2t[cr  y  -  2cr  cot  ^  ^  ^  cot*  cj 

*  V  be2  *»  %  cl,  b2  cot  +  1/12  b3  cot2  €. 

w 

WT  -  (p)  (VOL) 

*  Tp|"bc^  -  %  c^  b2  cot  +  1/12  b3  cot2  «, 
Where  P  is  determined  from 

Density 

Material  lb/inw 

Aluminum  Alloy  .101 
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U  t  4m 

'  J\  (cR  '  y  cot  €L)2dy 
o 

‘  if  f4ti  -  2b2<5R  cot  £L  +  3  b3  C0fc2€LJ 


and  the  mor..ent  about  an  axis  at  cR/2  normal  to  the  x  axis  is 


Mom  =  Vol  .  xo 
Mom 

xo  _ £ 

Vcl 


Mem  ■  /  A  .  x.  dy 
x  x-sect  i  7 


where  x.,  *  y/2  cot  £. 


Momx  =  /  2  ^CR  "  y  COt  €L^2  COt  £L^dy 


b/2 

•/  I  (CR  *  “C  S. 


-  2y2  cR  cotacL  +  y3  cot3€L)dy 


52  tb2cR  COt  €L  "  I  b®  CR  COt\  +  8  b4  ^L1 
(h2  c*  cot  j  b\  cotseL  +  g-  b4  cot3€j  J 

*  ■  —>■  n»~— — ■  i  x  i— ■ —  <— 

2[4bc|  -  2b2cR  cot  +  j  b3  cot2^} 


Lateral  Location  of  Center  of  Gravity 


Y  *  rb  +  yo 

Moment  of  Fin  Volume  about  Cj 
*  Volume  per  Fin 
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EQUATIONS  FOR  LIFTING  SURFACE  GECHETRIC  PARAMETERS 


6. 


NOMENCLATURE 


Symbol 

A 

*UET 

A 

x-sect 

AR 

b/2 

B 

c 

CR 


C 

CDF 

CDL 

CD0 

Cf 

CA 

CD 

GDP 

°L 

CLa 


Definition  Units 

Axial  Force  in  Missile  Axis  System  lb 

Also,  Area  sq  in-. 

Surface  Area  sq  in. 

Area  of  Airfoil  Cross-Section  sq  in. 

Lifting  Surface  Aspect  Ratio  dim. 

Lifting  Surface  Semi-Span  (y  distance  From  in. 

Body  External  Contour  to  Lifting  Surface 
Tip  Chord 

Constant  in  Equation  46a  dim. 

Length  of  Lifting  Surface  Chord  in. 

Length  of  Lifting  Surface  Root  Chord  in. 

Lifting  Surface  Tip  Chord  in. 

Length  of  Mean  Aerodynamic  Chord  in. 

Constant-  in  Equation  46a  dim. 

Friction  Drag  Coefficient  dim. 

Lifting  Surface  Drag  Due  to  Lift  Coefficient  dim. 

Lifting  Surface  Drag  Coefficient  at  Zero  Lift  dim. 

Flat  Plate  Friction  Drag  Coefficient  dim. 

Axial  Force  Coefficient  in  Missile  Axis  System  dim. 

Drag  Coefficient  dim. 

Pressure  Drag  Coefficient  dim. 

Lift  Coefficient  dim. 

Slope  of  Lifting  Surface  Linear  Lift  1/deg, 

Coefficient  Curve  1  RAD 


Nomal  Force  Coefficient  in  Pitch  Plane  of  the  dim. 

Missile  Axis  System 

C^  Slope  of  Nomal  Force  Coefficient  1/deg 

Cy  Normal  Force  Coefficient  in  Yaw  Plane  of  the  -dim. 

Missile  Axis  System 

C-^  Non-Linear  Lift  Coefficient  Factor  1/deg^ 

dre£  Reference  Diameter  (Diameter  of  Largest  in. 

Cylindrical  Section  of  Missile  Body 

dy  Differential  Length  in  y  in. 

D  Constant  in  Equation  46a  dim. 

E  Constant  in  Equation  46a  dim. 

Fwd  Forward  dim. 

(HM)y  Hinge  Moment  in  Pitch  Plane  in. -lb 

(HM)S  Hinge  Moment  in  Yaw  Plane  in. -lb 

i  Constant  in  Equation  46a  dim. 

j  Constant  in  Equation  46a  dim. 

k  Constant  in  Equation  46a  dim. 

K  Factor  locating  Lifting  Surface  Center  of  dim. 

^  Pressure  as  a  Fraction  of  c  Measured  Fran 

the  Leading  Edge  of  c 

IL-  Constant  in  Equation  46a  dim. 


*L 

Drag  Due  to  Lift  Factor 

rad 

M 

Mach  Number 

dim. 

”6 

Moment  Due  to  Body  Aerodynamic  Forces 

in. -lb 

M 

c 

Moment  Due  to  Canard  Aerodynamic  Forces 

in. -lb 

Mf 

Moment  Due  to  Fin  Aerodynamic  Forces 

in. -lb 

Mx 

Moment  About  x  Axis 

in, -lb 

Mv 

Moment  About  y  Axis 

in. -lb 
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X. 
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LE 


Moment  About  z  Axis 


Moment 


Longitudinal  Moment  of  Lifting  Surface  Weight 
About  Midpoint  of  Root  Chord 


Lateral  Moment  of  Lifting  Surface  Weight  About 
Root  Chord 


Normal  Force  in  the  Pitch  Plane  of  the 
Missile  Axis  System 


Dynamic  Pressure  (=  ^  P  M2) 


Average  Radius  of  Missile  Body  Between  the 
Root  Chord  Leading  and  Trailing  Edges 


Reynolds  Number 


Planform  Area  Per  Pair  of  Lifting  Surfaces 


Area  of  Two  Lifting  Surface  Semi -Spans  Outside 
the  Body  External  Contour 


Missile  System  Reference  Area  (“xd^^/A) 


Thickness  of  Airfoil  Section  (Lifting  Surface) 
Relative  Velocity 


Volume  of  Set  of  Lifting  Surfaces 
(4  Semi-Spans) 


Weight  of  Set  of  Lifting  Surfaces  (4  Semi-Spans) 
Longitudinal  Distance 


Longitudinal  Distance  the  Planform  Centroid  Lies 
Aft  of  Root  Chord  Leading  Edge 


Longitudinal  Location  of  Center  of  Pressure 


Body  Station  at  End  of  Aft  Skirt 


Body  Station  of  Lifting  Surface  Root  Chord 
Leading  Edge 


Longitudinal  Location  of  Hinge  Axis 
(Canards  an.4  Fins) 


Distance  of  Lifting  Surface  Leading  Edge 
From  x 


or 


SD 


in. -lb 


in. -lb 
in. -lb 


in. -lb 


lb 


psf 


in. 


dim. 


sq  in./sq  ft 
sq  in./sq  ft 


sq  in./sq  ft 


in. 

fps 


cu  in. 


lb 

in. 

in. 


m. 


in. 

in. 


m. 


in. 


■~X 


% 


-  i>*- 
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TE 


x 

*h 


*LB 


x 


i 


X 


y 


y 


ce 


Y 


o 


*h 

Y 


z 


*b 

*h 


Distance  of  Lifting  Surface  Trailing  Edge  in. 

From  x 

or 

Distance  Between  Component  Center  of  Pressure  in. 

and  Missile  Center  of  Gravity 

Longitudinal  Distance  Between  Center  of  in. 

Pressure  and  Hinge  Axis 

Longitudinal  Distance  of  Lifting  Surface  Center  in. 

of  Gravity  from  Root  Chord  Midpoint 

Distance  Lifting  Surface  Mean  Aerodynamic  in. 

Chord  Leading  Edge  Lies  Behind  Root  Chord 
Leading  Edge 

Body  Station  of  Missile  Body  Theoretical  Nose  in. 

Longitudinal  Location  of  Lifting  Surface  Center  in. 

of  Gravity  Relative  to  Body  Station  0.0 

Lateral  Distance  in. 

Lateral  Distance  the  Planform  Centroid  for  in. 

one  Semi-Span  lies  Outboard  From  the  Root  Chord 

Lateral  Location  of  Lifting  Surface  Center  of  in. 

Pressure  Relative  to  Vehicle  Centerline  Axis 

Normal  Force  in  the  Yaw  Plane  of  tne  Missile  lb 

Axis  System 

Lateral  Distance  of  Mean  Aerodynamic  Chord  in. 

From  Root  Chord 

Lateral  Distance  of  Lifting  Surface  Center  of  in. 

Gravity  from  Root  Chord 

y  Distance  of  Missile  eg  From  Body  Centerline  in. 

Lateral  Distance  Between  Center  of  Pressure  in. 

anu  Hinge  Axis 

Lateral  Location  of  Lifting  Surface  Center  of  in. 

Gravity  Relative  to  Vehicle  Centerline .Axis 

Vertical  Distance  in. 

Vertical  Location  of  Lifting  Surface  Center  of  in. 

Pressure  Relative  t-o  Vehicle  Centerline  Axis 

z  Distance  of  Missile  eg  From  Body  Centerline  in. 

Vertical  Distance  Between  Center  of  Pressure  in< 

and  Kings  Axis 
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Vertical  Distance  of  Lifting  Surface  Center  of 
Gravity  Fran  Root  Chord 


Vertical  Location  of  Lifting  Surface  Center  of 
Gravity  Relative  to  Vehicle  Centerline  Axi«r 


Centerline 


a 

Angle  of  Attack  in  Pitch  Plane 

deg 

or  .., 

eff 

Effective  Angle  of  Attach  in  Pitch  Plane 
(Canards  and  Fins) 

deg 

tJ 

Angle  of  Attack  in  Yaw  Plane 

deg 

n/m5-1  (Where  1.0  <M  S  10.0) 

dim. 

0eff 

Effective  Angle  of  Attack  in  Yaw  Plane 
(Canards  and  Fins) 

deg 

7 

Ratio  of  Specific  Heats 

dim. 

6 

Deflection  Angle  of  Lifting  Surface 

deg 

*L 

Complement  of  Lifting  Surface  Leading  Edge 
Sweep-Back  Angle 

deg 

CT 

Complement  of  Lifting  Surface  Trailing  Edge 
Sweep-Back  Angle 

deg 

5 

Surface  Angle  of  Airfoil  Section  Relative 
to  Chord  Plane  (Double  Wedge  Section) 

deg 

A 

Lifting  Surface  Taper  Ratio  (■c_/c_) 

T  R. 

dim. 

ft 

2.1416 

dim. 

0 

Density 

lb/cu  ill.. 

'X 

Thickness  Ratio  of  Airfoil  Section  (*t/c) 

dim. 

J 


J  '' 
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SUBSCRIPTS 


Body 

Canard 

Center  of  Gravity 

Canard  for  Pitch  Control 
Canard  for  Yaw  Control 
Fin 

Fin  for  Pitch  Control 
Fin  For  Yaw  Control 
In  Pitch  Plane 


In  Yaw  Plane 


SECTION  in 


SIX  DEGREES  OF  FREEDOM  TRAJECTORY  PROGRAM 

A.  INTRODUCTION 

This  document  describes  a  versatile  digital  trajectory  program  developed 
by  the  Wasatch  Division  of  Thiokol  Chemical  Corporation.  The  program  was 
developed,  as  are  most  programs,  in  an  evolutionary  manner.  As  a  result,  most 
of  the  general  capabilities  are  the  result  of  past  experience,  thus  making  the 
program  well  adapted  to  most  forms  of  missile  system  flight  simulation. 

The  equations  and  logic  permit  the  simulation  of  missile  flight  in  three 
dimensions  with  an  additional  ihree  degrees  of  freedom  possible,  i.  e. ,  the 
vehicle  can  pitch,  yaw,  and  roll  about  its  center-of-gravity.  A  spherical  rotating 
earth  model  is  utilized  for  missile  location.  The  gravitational  forces  are  cal¬ 
culated  from  an  oblate  earth  model. 

The  program  has  three  general  capabiiiiies  in  three  dimensions: 

(3)  flight  simulation  of  a  rigid  body  point  mass  missile  system,  (b)  flight  simu¬ 
lation  of  a  rigid  body  missile  system  with  angular  momentum  considered  plus 
attitude  stability  provided  by  a  closed  loop  control  system,  and  (c)  flight  simu¬ 
lation  of  a  rigid  body  point  mass  missile  system  with  a  quasi-attitude  control 
system  which  exactly  balances  the  disturbing  pitching  moments.  These  three 
capabilities  are  primarily  used  in  <  1)  performance  requirements  for  analysis, 

(2)  vehicle  control  requirements  determination,  and  (3)  vehicle  stability,  control 
and  loads  analysis,  respectively. 

Vehicle  launch  can  occur  at  any  azimuth  and  altitude  and  from  any  latitude 
and  longitude.  The  vehicle  is  commanded  with  respect  to  an  inertial  tystem 
which  does  not  rotate  with  the  earth.  Flight  path  through  the  atmosphere  can  be 
commanded  by  fl)  input  turning  rates,  (2)  gravity  turn  equations,  (3)  steering 
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equai.ons  whose  coefficients  are  determined  internally,  (4)  rail  launch  equations, 

(5)  constant  altitude  equations,  (6)  constant  normal  load  factor  equations,  (7)  inter¬ 
cept  guidance  equations,  and  (8)  horn.' -g  guidance  equations.  These  different 
methods  of  flight  path  control  can  be  changed  for  different  parts  of  the  flight,  thus 
allowing  wide  variations  in  iJ:ght  path  determination  and  accurate  results  with 
relative  ca&e  by  the  user. 

Program  input  is  minimal,  the  input  complexity  being  dictated  by  the 
sophistication  the  user  wishes  to  employ.  Mandatory  input  includes  the  missile 
launch  conditions,  data  describing  the  flight  path  desired,  and  data  describing 
missile  characteristics.  Missile  characteristics  include  weight,  thrust  history, 
specific  impulse,  exit  area,  and  aerodynamic  coefficients  versus  Mach  number. 

Up  to  four  discrete  propulsion  stages  can  be  simulated. 

Missile  thrust  is  computed  from  an  input  thrust  history  table  and  atmos¬ 
pheric  back  pressure.  Instantaneous  weight  is  a  function  of  stage  initial  weight, 
weight  flow,  thrust,  and  propellant  vacuum  specific  impulse.  The  capability  of 
simulating  simultaneous  operation  of  motors  having  different  characteristics  is 
available  by  the  use  of  separate  tabular  input. 

A  pintle  nozzle  thrust  modulation  control  motor  can  be  simulated.  This 
thrust  control  system  logic  is  broken  into  twr  -eparate  parts:  (1)  the  command 
thrust  logic  and  (2)  the  controllable  motor  thrust  dynamics.  The  command  thrust 
logic  or  thrust  control  i.aw  provides  the  needed  thrust  command  for  the  motor  so 
the  missile  system  will  achieve  the  a.'sired  trajectory  conditions.  The  criteria 
for  evaluating  the  commanded  thrust  is  established  by  flight  performance  parameters 
such  as  a  specified  velocity  history,  stipulated  Mach  number,  commanded  turning 
rates,  minimum  velocity,  constrained  dynamic  pressure  or  line  of  sight  rate. 

The  actual  motor  thrust  dynamic  is  based  on  the  solution  of  the  time  rate 
of  change  of  chamber  pressure  equation.  This  equation  is  a  function  of  nozzle 
throat  area,  internal  gas  properties,  free  volume,  burning  surface  area,  and 
propellant  burning  rate  characteristics.  The  instantaneous  vacuum  thrust  is 
evaluated  from  the  pintle  throat  area  and  the  motor  chamber  pressure.  The  motor 
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ballistic  characteristics  are  evaluated  from  one  of  the  three  input  options:  (a)  thrust 
time  table  (b)  chamber  pressure  table,  or  (c)  surface  area-web  depth  fraction  table. 

The  effective  thrust  gimbal  point  can  be  located  at  any  place  about  the  missile. 
Pitch,  j‘W,  and  roll  moments  of  inertia  are  specified  as  functions  of  instantaneous 
vehicle  weight. 

Pitch  and  yaw  thrust  vectoring  are  obtained,  from  first  or  second  order 
tran-w'ar  functions  or  from  an  infinite  autopilot  gain  model.  Roll  control  results 
from  the  operation  of  a  system  separate  from  the  main  propulsive  one.  A  first- 
order  transfer  function  is  used  to  simulate  a  bang-bang  with  deadband  or  propor¬ 
tional  roll  control  system.  Pitch,  yaw,  and  roll  control  system  commands  can 
be  generated  by  vehicle  attitude  errors,  rates,  and  steady  state  errors. 

The  controlling  pitch,  yaw  and  roll  moments  are  determined  for  each 
computed  interval.  The  required  thrust  vector  slew  rate,  duty  cycle,  and  other 
thrust  vector  control  requirements  are  evaluated  for  the  TVC  design  stage. 

Aerodynamic  forces  are  functions  of  Mach  number,  input  aerodynamic 
coefficients,  and  angle  of  attack.  Up  to  a  third  degree  normal  force  slope  coefficient 
can  be  used.  The  angles  of  attack  are  modified  co  that  flight  with  values  up  to 
a80  degrees  can  be  simulated  with  a'lial  forces  going  to  zero  at  +  90  degrees  and 
normal  forces  zero  at  0  and  180  degrees.  Norms',  forje  center  of  pressure  is  a 
function  of  Mach  cumber.  Aerodynamic  damping  forces  and  moments  are  determined 
from  input  coefficients,  rate  change  of  angle  of  attack,  pitch  rate,  and  dynamic 
pressure. 

Movable  aerodynamic  control  fins  can  be  simulated.  Fin  aerodynamic 
characteristics  are  determined  from  input  fin  lift  and  drag  coefficient  plus  center 
of  pressure  and  hinge  location. 

Dynamic  forces  include  gravity,  thrust,  Jet  damping,  and  aerodynamic. 

The  dynamics  include  overturning  moments  created  by  differences  in  thrust  level 
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of  individual  motors  in  a  clustered  solid  propellant  rocket  motor  stage.  These 
moments  are  determined  by  statistical  techniques  from  the  cluster  geometry  and 
single  motor  variances  in  burning  time  and  total  impulse. 

Program  options  which  provide  utility  to  the  users  are  special  print  capa¬ 
bilities,  flexibility  in  inputting  thrust  time  curves,  variable  methods  of  terminating  a 
propulsion  stage,  and  an  efficient  and  highly  sophisticated  hunting  procedure.  The 
hunting  procedure  can  maximize,  minimize  or  isolate  any  dependent  variable 
subject  to  a  maximum  of  seven  constraint  conditions. 

1.  DIAGRAMS 

The  more  important  symbols  with  geometric  interpretation  are  shown  cm 
Figures  17  thru  29, 

2„  DEFINITIONS 

Input,  output,  and  internal  program  parameters  are  designated  by  symbols 
defined  in  this  section. 

a.  General  Comments — Parameter  un**s  required  by  program  logic  or  for 
input  are  abbreviated  as  follows: 


dbi 

Determined  by  input 

lb 

Pound 

deg 

Degree 

mic 

Minutes 

dim 

Dimensionless 

nm 

Nautical  mile 

ft 

Feet 

rad 

Radian 

in. 

Inch 

sec 

Second 

Multipliers  are  associated  with  many  of  the  input  parameters.  Since  only 
the  unit  of  the  product  of  the  parameter  and  multiplier  is  specified  by  program  logic, 
the.  units  of  the  parameter,  and  multiplier  are  an  option  of  the  program  user.  Dimen¬ 
sions  are  designated  dbi  for  parameters  which  have  optional  units.  Units  of  the 
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Figure  22.  Centre*  Loop  Diagram 
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Figure  27.  3-D  Angles  of  Attack 
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parameters  used  by  the  program  snould  be  noted  so  that  the  prc-'\»*.  .  its  are  the 


same. 

Because  of  the  four-stage  capability  of  the  program,  many  parameters  are 
applicable  for  each  stage.  When  further  clarification  is  necessary,  the  subscript 
k  is  shown  with  the  symbol  of  the  parameter. 

Two  tables,  for  a  main  stage  and  a  complementary  stage,  are  available 
for  inputting  thrust,  weight,  and  weight  flow  data.  Parameters  whion  apply  to  one 
or  the  other  table  are  referenced  accordingly. 


b.  Coordinate  System — Coordinates  are  referenced  to  right-handed  Cartesian 
systems  having  X,  Y,  and  Z  with  lower-case  subscripts  as  the  coordinate  axis.  For 
tie,  the  e  system  has  coordinates  axis  Xee.  e.g. ,  Xee  represents  a  value 
along  the  appropriate  coordinate  axis.  In  some  instances,  vector  and  matrix 
notation  are  used  to  simplify  the  writing  of  equation;  i.  e. , 


X, 


ee 


xee  =  Xee  1  +  Yee  j+  Zce  k={  Yee 

iZee  J 

where  i,  j,  and  k  are  unit  vector  parallel  to  the  coordinate  axis  Xee,  Yee,  and 
Zee,  respectively. 


The  coordinate  systems  discussed  below  have  coincident  origins;  1.  e. , 
no  translation  is  involved  in  their  relations  with  other  systems.  However, 
defining  them  with  their  origins  at  the  conceptual  locations  rather  than  all  simply 
rotated  about  one  another  is  convenient.  Furthermore,  velocity  and  acceleration 
components  would  be  affected  only  by  rotation  and  not  translation.  The  coordinate 
systems  are  shown  in  the  illustrations  appearing  in  Section  in.  A.  1  and  are  defined 
os  follows: 


Definitions 


Systems 


Missile  orientation  coordinates.  Origin  is  fixed  at  the  vehicle 
center-of-gravity  with  X^  parallel  to  the  vehicle  centerline, 
positive  forward.  As  seen  from  the  rear  of  th°  vehicle  is 
positive  down. 

Earth  fixed  system  whose  origin  is  located  at  sea  level  at  the  launch 
latitude  and  longitude.  The  X  axis:  is  positive  north,  the  Ye  axis  is 
positive  east,  and  the  Ze  axis  is  along  the  launch  vertical,  positive 
down. 

Initially  coincident  with  the  e  system,  but  does  not  rotate  with  the 
earth. 


Earth  fixed,  launch  centered,  azimuth  oriented  coordinate  system, 
'file  orientation  of  this  system  about  the  e  system  is  specified  by 
the  input  Euler  angles  $  g,  9  and  0  g. 

Origin  is  coincident  with  the  eQ  system.  The  orientation  of  this 
system  is  specified  by  input  Euler  angles  $  it  q  j,  and  <0  j. 

Xe&  and  Xee  are  the  components  cf  missile  acceleration  and  velocity 
in  a  right-handed  Cartesian  coordinate  system  whose  origin  is  fixed 
at  sea  level  at  the  input  launch  latitude,  p  ^  and  longitude  p  ^  .  The 
Xg  axis  is  positive  north ,  Ye  axis  positive  east,  and  Ze,  the  vertical 
axis,  positive  down.  This  coordinate  system  is  the  one  in  which  the 
equations  of  linear  motion  are  integrated. 

Xee  is  defined  in  section  B.  3.  as  the  linear 
momenta  equations. 


xoa  =  x  + 

ee  eeo  to, 


^ee  ^ 


Xoa  =  X  +  , 
ee  eeo  % 


J  • 


are  tne  components  of  velocity  which  are  initially  coincident 
with  the  e  system,  but  do  not  rotate  with  the  earth.  Components 
in  this  system  are  not  calculated  directly  because  the  eo  system  is 
an  intermediate  system  in  evaluating  the  missile  achieved  and  com¬ 
manded  components. 

^eo  =  C^eo]  ^ee 


Systems 

ii 


Definitions 


Origin  is  coincident  with  the  eo  system.  The  orientation  of  this 
system  about  the  eo  system  is  specified  by  input  Euler  angl  es  $  p 
$  j,  and  0  j.  The  position,  velocity,  and  acceleration  in  this  axis 
system  represent  the  components  aligned  with  the  inertial  platform. 
Components  in  this  system  are  not  calculated  directly  because  the 
ii  system  is  an  intermediate  system  in  evaluating  the  missile 
achieved  and  commanded  components. 

Ju  -  cv  Ko 

bb  Xbb,  Xfab  are  the  earth  fixed  launch  centered  components  of  missile 

position  and  velocity,  respectively.  Position,  forward  along 
missile  body  station  axis: 

*bb  =  M '' *ee 
-1 

Xbb  =  M  xee 

mm  Missile  orientation  coordinates  with  axis  coincident  with  those 

of  the  b  system,  if  control  system  operation  is  not  being  simulated. 

For  simulated  control  oper.  tion,  the  coordinate  axes  orientation 
is  specified  by  commanded  turning  rates  or  specified  value  evaluated 
by  the  type  of  flight.  Components  in  this  system  are  not  calculated 
directly  because  the  angles  relatively  between  ii  and  the  mm  system  are 
those  of  interest. 

-1_^ 

xram  =  CDJ  xee 

gg  Earth  fixed,  launch  centered,  azimuth  oriented  coordinate  system. 

The  orientation  of  this  system  about  the  eo  system  in  specified  by 
the-  input  Euler  angles  $  g,  9  g,  and  0  .  The  velocity  components 
of  this  system  are  used  in  the  velocity  steering  logic. 

Xgg  =  [Ag]Xee 

Xgg  =  £Ag^Xee 

^gg  =  [Ag3xce 

•  «  • 

11  Xu  and  Xjjare  the  earth  fixed  velocity  and  acceleration  components 

in  the  locyil  system  (the  i3i  system).  X^  is  positive  in  the  local 
north  direction.  is  positive  in  the  local  easterly  direction  and 
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Definitions 


is  positive  toward  the  center  of  the  earth.  Note  this  system 
travels  along  with  the  missile  center. 


Xee 

xij-UJ"1  Xee+tAl]"1  Xee 

Xwee  is  the  wind  velocity  component  in  the  ee  system. 

— J*.  — • ^ 

•  • 

Xwee  =(Ai]  Xw1] 

•  •  • 

X»u  and  Xwn  are  the  Cartesian  components  of  wind  velocity  and 
acceleration  in  the  local  coordinate  system  (the  11  system). 


cos  (Pw 

Xwll  =  -t\v  sin<?\v  ' 

0 

,  ‘  f 

cos  ^w  I  —sin 

Xwn  =  -uw  •  sin  4>w  ■  -<P  /180)  $w  vw '  c«s  V>vv  • 

0  0 
_  w  ^  < 

Xcc  and  Xcc  are  the  earth  geocentric  coordinate  position  and  velocity 
with  the  origin  at  the  center  of  the  earth.  The  Xcc  is  positive  toward 
the  earth  north  pole,  Ycc  is  positive  90  degree  longitude  eastward  from 
earth  surface  launcher  point  and  Zcc  is  negative  through  the  equator 
at  the  launcher  longitude. 


-  * 

cos  pL  0  -sinpL 

sinPL 

*cc  = 

0  10 

Xeo  +  ye 

0 

sinpr  0  cosPl 

>. 

-cosPl 

.  - 

abb 


•  •  * 

Xgjjjj  and  XjjIjq  are  the  components  of  missile  velocity  and  acceleration 
in  the  missile  oriented  coordinate  (the  b  system)* 
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aee 


Definitions 

■  <\i 

Xaee  are  the  earth  fixed  launch  centered  velocity  components  with 
respect  to  the  local  ambient  air. 


Xaee  =  Xee  =  X 


wee 


c.  Rotation  Matrices — The  Euler  angle  rotation  matrices  have  the  properties  of 
being  a  uniorihogonal  array.  Their  determinate  in  unity  and  A- inverse  {  [A]  _1) 
is  equal  to  A-transpose  (  (AJ1).  (The  transpose  of  a  matrix  is  obtained  by  inter¬ 
changing  rows  and  columns. ) 

The  Euler  angle  rotation  matrices  used  in  the  trajectory  program  are 
defined  as  follows: 


Systems 

[AroD 


[AiJ 


Ob] 

M 


Definitions 


The  Euler  angle  rotation  matrix  which  rotates  the  e  system  to  the 
eD  system  thru  the  angles  p  l  at  (2),  ost  at  (1),  andp  l  to  (2). 

This  rotation  accounts  for  the  effect  of  the  launcher  point  rotating 
with  the  earth.  The  matrix  is  defined  in  section  B.  l.c  (D  Matrix). 

The  Euler  angle  rotation  matrix  which  rotates  the  i  system  to  the 
eQ  system  thru  the  angles^j  at  (1),  0.  at  (2),  and  at  (3).  These 
Euler  angles  represent  the  inertial  platform  alignment  angles  such  that 
$  |  defines  the  reference  azimuth,  gj  defines  the  reference  elevation 
and0  i  defines  the  reference  roll  attitude.  This  matrix  is  defined 
in  section  B. l.c.  (D  Matrix). 

The  Euler  angle  rotation  matrix  which  rotates  the  b  system  to  the 
i  system  thru  the  angles  <p  5  at  (1),  at  (3),  and  at  (2).  These 
angles  are  the  achieved  vehicle  attitude  angles. 

The  Euler  angle  rotation  matrix  which  rotates  the  b  system  to  the 
e  system  as 

K3-  &Wl  M  M 

The  Euler  angle  rotation  matrix  which  rotates  the  m  system  to  the 
i  system  thru  the  angles  0  m  at  (1),  $  m  at  (3),  and  0  m  at  (2). 

These  angles  are  the  command  vehicle  attitude  angles. 


117 


Definitions 


CaJ 


[atm3 


[Aj 


[AviJ 


[Ay  2] 


The  Euler  angle  rotation  matrix  which  rotates  the  m  system  to  the 
b  system.  The  pitch  (AQfc,)*  yaw  (A^jj),  and  roll  (&<p b)  attitude 
error  angles  are  the  direction  cosines  between  the  achieved  and  desired 
vehicle  attitude  and  are  defined  as  elements  of  this  matrix. 

[K]  =  [Am]  -1  [Ab] 

The  Euler  angle  rotation  matrix  which  rotates  the  e  system  to  the 
1  system  thru  the  angles  -p  at  (2),  ^  *  at  (1),  and  P  l  at  (2). 

These  angles  are  the  launcher  latitude,  missile  instantaneous  change 
in  longitude  and  missile  instaneous  latitude.  This  rotation  basically 
rotates  the  earth  fixed  launcher  coordinate  to  the  local  earth  fixed 
coordinates.  Winds  and  gravity  are  defined  in  local  coordinates  then 
transformed  to  the  e  system  for  inclusion  in  the  equations  of  motion. 

The  Euler  angle  rotation  matrix  which  rotates  the  e  system  to  the 
g  system  diru  the  generalized  coordinate  orientation  angles  <t>  g  at  (1), 
at  (3),  and  0  g  at  (2).  This'  rotation  is  used  in  velocity  steering 
logic. 

The  Euler  angle  rotation  matrix  which  rotates  the  e  system  to  the 
TM  system  thru  the  angle  £  at  <1\,  <f>  at  (2).  and  #  at  (3).  These 
angles  are  the  firing  azimuth  angle,  down  range  angle,  and  cross 
range  angle.  This  rotation  matrix  is  used  in  evaluation  of  the  missile- 
target  coordinates. 

The  Euler  angle  rotation  matrix  which  rotates  the  vehieie  velocity 
vector  to  the  m  system  thru  the  angles  <P  c  at  (1),  a  c  at  (2),  and  0J. 
at  (3).  ?  nis  rotation  is  used  in  commanding  the  desired  vehicle 
attitude. 

The  Euler  angle  rotation  matrix  which  rotates  the  local  azimuth 
oriented  velocity  vector  to  the  missile  velocity  vector  thru  the 
elevation  flight  path  angle. 

The  Euler  angle  rotation  matrix  which  rotates  the  local  velocity 
vector  in  the  11  system  to  the  local  azimuth  orient  velocity  vector 
thru  the  aximuth  flight  path  angle. 

f  v.1 

]  6  =  [Ay  ]3  [Ay2  3  *11 
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Systems  Definitions 

(A  ]  The  Euler  angle  rotation  matrix  which  rotates  the  roll  and  yaw 

compensated  no-wind  velocity  vector  to  the  b  system  thru  the  no-wind 
angle  of  attack  a  . 

[A^f]  The  Euler  angle  rotation  matrix  which  rotates  the  roll  oriented  no¬ 

wind  velocity  vector  to  the  roll  and  yaw  compensated  no-wind  velocity 
vector  thru  the  angle  /3 '. 

I  <P]  The  Euler  angle  rotation  matrix  which  rotates  the  no- wind  velocity 

vector  such  that  the  z  axis  passes  thru  the  center  of  the  earth.  This 
rotation  is  used,  in  evaluating  the  local  vehicle  back  angle  attitide. 

k  Stage  number.  For  example,  one  value  of  the  parameter  iy  is  needed 

in  each  stage,  and  iy^  appears  in  many  equations  as  the  particular 
value  of  Iy  applicable  to  the  current  stage. 

o  An  initial  condition,  e.g.,  the  trajectory  start  time, 

f  The  value  of  a  parameter  at  impact  or  intercept. 

j  The  final  value  in  a  table.  Sever  a  unctions  are  input  in  tabular 

form,  and  often  it  is  unnecessary  to  fill  one  entire  table  to  define 
a  function.  Thus,  in  some  equations  involving  tabular  functions, 
statements  like  "if  W  >Wj  ..."  appear. 

•  First  derivative  with  respect  to  time,  e.g. ,  the  pitch  thrust  vector 
deflection  angular  rate 5  p  is  dfip/d^. 

•  •  Second  derivative  with  respect  to  time,  e.  g. ,  the  vehicle  pitch 

angular  acceleration  *s  d*^b/dt~ 

'  Input  modified  by  the  program,  e.g. ,  the  input  radius  of  the  earth 

r^  if  input  zero  is  set  to  20,926, 400  feet. 


Symbols  appearing  in  this  document  are  defined  on  the  following  pages. 

Those  symbols  which  are  input  to  the  program  or  outputfrom  the  program  have 
their  associated  "L-numbers"  following  the  description.  Input  data  have  L-numbers 
lose  than  5, 000,  output  data  have  l-numbers  greater  than  (or  equal)  to  5, 000. 


Sir 


*r  - 


a,  A 


Symbol 


Definition 


Input  value  oi  »'-C  dependent  variable  to  (dbi) 
be  isolated  by  the  hunting  procedure  (PI) 

(L0082) 

Input  nozzle  separation  polynominal  coef-  (dim) 
ficient  used  in  the  separated  flow  nozzle 
thrust  equation.  If  input  zero  is  set  to  0.  3 
(LU017) 

Target  transverse  acceleration  (L5446)  (g's) 

Input  target  earth  reference  acceleration  (g's) 
crosswise  to  the  target  velocity  vector  for 
the  j-th  period  of  the  target  dynamical 
condition  table  *L0643,  647,  etc  ) 

Input  transformation  constant  used  in  (dbi) 

the  simultaneous  hunting  procedure  (P2) 
j  -  1,2,...  7  (L0099,  108,  etc  ) 

Target  normal  to  its  velocity  vector  (g's) 

acceleration  (L5445) 

Input  target  earth  reference  acceleration  (g's) 
normal  to  the  target  velocity  vector  for 
the  j-th  period  of  the  target  dynamical 
condition  table  (L0642,  646,  etc  ) 

Target  tangential  acceleration  (L5444)  (g’s) 

Input  target  earth  reference  acceleration  (g's) 

tangential  to  the  target  velocity  vector  for 
the  j-th  period  of  the  target  dynamical  condition 
table  (L0541,  G45,  etc) 

Component  of  vehicle  acceleration  due  to  (g's) 
total  thrust  and  aerodynamic  forces. 

Positive  in  the  direction  of  the  coordinate 
axes  of  b  system  (L5504) 


i 


i  W 


Symbol 


Xb(Bl) 


Xb(B2) 


Xb(B3) 


Xb(B4) 


Yb 


a 


Zb 


a 

o,  JK 


ax 


a,  A 


Definition 


Units 


(g's) 


Vehicle  acceleration  due  to  total 
thrust  and  aerodynamic  force  at  the 
termination  of  stage  I  (L5911) 

Vehicle  acceleration  due  to  total 
thrust  and  aerodynamic  force  at  the 
termination  of  stage  II  (L5936) 

Vehicle  acceleration  due  to  total 
thrust  and  aerodynamic  force  at  the 
termination  of  stage  in  (L5961) 

Vehicle  acceleration  due  to  total 
thrust  and  aerodynamic  force  at  the 
termination  of  stage  IV  (L5986) 

Component  of  vehicle  acceleration  due 
to  total  thrust  and  aerodynamic  forces* 

Positive  in  the  direction  of  the  coordinate 
Y  axes  of  the  b  system  (L5505) 

Components  of  vehicle  acceleration  due 
to  total  thrust  and  aerodynamic  forces, 
positive  in  the  direction  of  the  coordinate 
Z  axes  of  b  system  (L5506) 

Input  constants  used  in  the  Zgg  and  (rad) 

constant  components  nontarget  dependent 
pitch  steering  equations  for  the  k-th  stage 
{Lk3  91-332) 

Earth  fixed  axial  acceleration,  constrain  (ft/sec2) 
to  he  greater  than  zero,  during  rail  launch 
type  of  flight. 

,? 

Input  complementary  thrust-weight  table  (ft  , 
stage  nozzle  exit  area  (Lkl04) 

Elements  of  the  (A_,)  matrix  which  define  (deg/scc) 
the  commanded  turning  rates  for  type  2 


(g’s) 


(g’s) 


(g*5) 


(g's) 


(g's) 


Input  main  thrust-weight  table  input 
stage  nozzle  exit  area  (LkOll) 


(ft2) 


J 


-!• 

-M 
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Definition 


Units 


Input  and  output  respectively  Stage  I  (g's) 

vacuum  thrust  to  liftoff  weight  used  in 
the  vehicle  characteristics  pertinent  to 
roll  requirement  (L0675) 

Input  amplitude  of  limit  cycle  for  the  (deg) 

k  -th  stage.  (Lk386) 

Input  and  utilized  relative  integration  (dbi) 
tolerance,  j  =  1,  2, ....  7  (L0281,  283,  etc) 

2 

Burn  surface  area  (L5079).  (in  ) 

2 

Pintle  nozzle  throat  area.  Used  in  TMC  (in  ) 
logic  (L5735). 

2 

Time  rate  change  of  pintle  throat  area  (in  /sec) 
(L5785). 

Input  absolute  allowable  break-up  (dim) 

tolerance  of  time  (L0306). 

2. 

Commanded  throat  area  (L5080).  (in  ) 


Input  absolute  allowable  break-up  (sec) 

tolerance  of  target  value  (L0308). 

2 

Propellant  extinguishment  throat  area  (in  ) 

(L5C85). 


b,  B 


Definition 


Units 


gg« 


Input  constants  used  in  the  X 
X  gg,  and  X^gg  components  of  the 
•nontarget  dependent  pitch  steering 
equation  for  the  k-th  stage, j  =  1,  2,  3 
(Lk393-395). 

Input  nozzle  separation  poiynominal 
coefficient  used  in  the  separated  flow 
nozzle  thrust  equation  if  input  zero  is 
set  to  0.  7  (I,k018). 

Inpu"  basic  deck  number  (L0000). 

Input  relative  allowable  break-up 
tolerance  of  time  (L0307). 

Input  relative  allowable  break-up 
to'erancc  of  target  value  (L0309). 


(rad-sec^ft 
rad-sec  /ft 
and  rad-sec) 


(dim) 


(dim) 

(dim) 

(dim) 


Symbol 


Definition 


Input  nozzle  separation  polynorninal 
coefficient  used  in  the  separated  flow 
nozzle  thrust  equation.  If  input  zero  is 
set  to  0.  884  (Lk0i9). 

Instantaneous  aerodynamic  axial  force 
(L5164). 

Input  stage  axial  force  control  function 
and  multiplier.  If  input  zero,  the  multi¬ 
plier  is  set  to  one;  if  nonzero  ,  the  axial 
force  is  determined  from  input  and  multi¬ 
plied  by  C  (Lkl86). 

Speed  of  sound  at  the  missile  (L5066). 

Instantaneous  aerodynamic  axial  force 
coefficient  (L5573). 

Input  and  instantaneous  (with  Mach 
number  M.)  aerodynamic  axial  force 
coefficients,  respectively,  where  j  =  1,2, 
. . . ,  15  per  stage  (Lkl89,  191,  etc). 

Added  aerodynamic  base  drag  coefficient 
due  to  nozzles  not  thrusting  (L5574). 

Input  and  calculated  nozzle  efficiency 
coefficient  used  in  the  separated  flow 
nozzle  thrust  equation  (Lk015). 

Instantaneous  aerodynamic  pitch  movable 
fin  drag  coefficient  (L5566). 

Input  aerodynamic  pitch  iin  drag  coeffi¬ 
cient  multiplier.  If  zero  set  equal  to  one 
(Lk708). 

Instantaneous  aerodynamic  pitch  movable 
fin  total  drag  coefficient  (L5579). 

Input  aerodynamic  pitch  fin  drag  coeffi¬ 
cient  j  =  1,  2, ....  15  per  stage 
(Lk713.719.etc), 


(dim) 


(dim) 


(ft/ sc 
(dim) 


(dim) 


(dim) 


(dim) 


(dim) 


(dim) 


(dim) 


(dim) 
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Symbol 


CT  • 

Lzj 


c,  C 

Definition  Units 

Input  thrust  system  proportionality  (dim) 

system  gain  of  the  j-th  type  TMC 
(L0804,814,  etc). 

Thrust  coefficient  (Lk5081).  (dim) 

Thrust  coefficient  at  optimum  expansion  (dim) 

(P  =  P  )  (1,508?.). 
e  a 

Instantaneous  aerodynamic  yaw  movable  (dim) 

fin  total  lift  coefficient  (L5577). 

Input  aerodynamic  nonlinear  pitch  fin  (dim) 

drag  coefficient  multiplier.  If  input 
zero  is  set  to  i.  0  (Lk707). 


Instantaneous  aerodynamic  pitch  movable  (1/deg  ) 
fin  nonlinear  fin  lift  coefficient  (L5565). 

2 

Instantaneous  aerodynamic  pitch  movable  (1/deg  ) 
fins  linear  fin  lift  coefficient  (L5564). 

2 

Input  and  calculated  aerodynamic  pitch  (1/deg  ) 
fin  nonlinear  lift  coefficient  j  =  1,2,..., 

15  per  stage  (Lk712,  718,  etc) 

Input  aerodynamic  linear  pitch  fin  lift  (dim) 
coefficient  multiplier.  If  input  zero  is 
set  to  1.  0  (Lk7Q6). 

Instantaneous  aerodynamic  pitch  movable  (dim) 
fin  total  lift  coefficient  (L5578). 

Input  and  calculated  aerodynamic  pitch  (I/deg“) 
fin  nonlinear  lift  coefficient  j  =  1,  2, , . . ,  15 
per  stage  (Lk711,  7X7,  etc). 

Calculated  and  unadjusted  for  translation  (1/deg) 
aerodynamic  pitch  damping  moment  due 
to  pitch  rate  coefficient  (L.5575). 

Input  aerodynamic  pitch  damping  moment  (l/’deg) 
due  to  pitch  rate  coefticicnt  where  j  =  1,2, 

. . . ,  15  per  stage  (Lk3Q6,  309,  etc). 
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Symbol 

Definition 

Units 

Ma 

Calculated  and  unadjusted  for  trans¬ 
lation  aerodynamic  pitch  damping 
moment  due  to  rate  change  of  angle  of 
attack  coefficient  (L5576). 

(1/deg) 

Input  aerodynamic  pitch  damping 
moment  due  to  rate  change  of  angle  of 
attach  coefficient  where  j  =  1,2,  ,,.,15 
per  stage  (Lk307, 310,  etc  ). 

(1/deg) 

N 

Instantaneous  aerodynamic  normal  force 
coefficient  (L5569). 

(dim) 

:N1 

:N2 

:N3 

Instantaneous  first,  second,  and  third 
derivatives,  respectively,  of  Cjj  with 
respect  to  the  angle  of  attack  (I..5570, 
5571,5572). 

{ 1 / deg2 
1/deg 
1/deg  ) 

Nl,  2,  3j 

Input  values  of  9  ^  respectively, 

corresponding  toM,*wf»ere 
j  =  1,2,...,  15  per  stage  (Lk224-226, 
229-231). 

(deg/cisg2/ 

deg3) 

JRJRj 

Input  raceway  aerodynamic  force  coeffi¬ 
cient  corresponding  to  the  M  .,  j  =  1,2, 
....  10  (Lk674,  676).  Rj 

(dim) 

'c™ 

Aerodynamic  pitch  fin  axial  force  (L5155). 

(lb) 

d;  D 


Symbol 


dC  /dh 


dP  /dh 
a 


Definition 

Partial  derivative  of  the  speed  of 
sound  with  altitude  (L5067). 

Partial  derivative  of  ambient  pressure 
with  altitude  (L5069). 

Propellant  bui.»  depth.  Used  in  TMC- 
logic  (L5733). 

Output  TVC  duty  cycle  stage  case 
diameter  from  axial  force  reference 
area. 

Input  roll  control  system  hysteresis 
for  the  i-th  zone,  i  =  1,  2,  or  3 
(Lk640,  650,  etc  ). 

Input  diameter  of  propellant  (LkOOl). 

Rail  launch  friction  drag  (L5154). 

Input  aerodynamic  reference  diameter 
(Lk298). 

Input  initial  or  restart  discontin  r'zy 
print  flag  (L0009). 


Units 


{ 1/sec) 


(lb/ft) 


(dim) 


(dim) 


Eccentricity  of  the  missile  path  during  {dim) 
the  glide  phase  (L5312), 

2  2 

Total  missile  energy  per  unit  mass  {ft  -sec  ) 

during  the  glide  phase.  Potential  energy 
at  the  launcher  is  taken  as  zero  (L5109). 


Definition 


Symbol 


Ui 


3ik 


C 

c 


CALOS 


ccios 


Input  and  flag  specifying  maximization  (dbi) 
and  isolation  of  the  same  parameter  used 
in  hunt  procedure  (P2).  If  f^  is  nonzero, 
the  function  f  is  maximized  relative  to  the 
independent  variables  x^,  X3, .  . .  ,xn  and 
is  isolated  to  a  value  iq  by  varying  xj 
(L0089). 

Input  attitude  control  system  gain  control  (dim) 
flag.  If  equal  to  zero,  input  gains  are 
utilized;  if  not  equal  to  zero,  the  automatic 
gains  are  utilized  for  the  j-th  control  zone, 
is  1,2,  or  3;  and  k-th  stage,  k  =  1, 2,  3, 
or  4  (Lk456,  465,  etc  ). 

Total  instantaneous  thrust  acting  along  (lb) 
missile  centerline.  Positive  when  thrust 


vector  points  forward  along  missile 
centerline  (L5I22). 

Instantaneous  delivered  thrust  per  motor  (lb) 
during  the  TVC  design  stage. 

Instantaneous  complementary  thrust  (lb) 

(L5127). 

Thrust  required  to  maintain  V  ;  (lb) 

i.  e. ,  retarding  axial  force  used  in 
TMC  logic  (L5134). 

Command  thrust  to  provide  acceleration  (lb) 
proportional  to  LOS  rate  used  in  TMC 
logic  (L5137), 

Command  thrust  to  provide  a  minimum  (lb) 
missile  to  target  closing  rate  used  in 
TMC  logic  (LSI 38). 


Symbol 


Definition 


Units 


cqmax 


cqmin 


Fcv 


Input  value  of  the  complementary  (lb) 

vacuum  thrust  to  be  used  during  t 
-  t  ~t  ,  >  where  j  =  1,2,...,  3 

25  per  ’  stage  (Lkl  12,  1 15). 

Commanded  altitude  thrust  used  in  TMC  (lb) 
logic  (L51 3G). 

Maximum  thrust  so  that  the  venicle  will  (lb) 
not  exceed  the  maximum  dynamic  pressure 
used  in  TMC  logic  (L5I36). 

.Require  thrust  so  that  the  vehicle  will  (lb) 
maintain  the  minimum  dynamic  pressure 
used  in  TMC  logic  (L5135). 

Instantaneous  complementary  vacuum  (lb) 
thrust  (L.5128). 


Instantaneous  complementary  vacuum 
thrust  time  rate  (L5129). 

Commanded  vacuum  thrust  used  in 
TMC  logic  (L5131). 

Instantaneous  roll  control  system 
phase  plane  signal  (1.5449). 

Vacuum  thrust  of  the  <T,  short-time 

tb 

trace. 

Jet  damping  yawing  transverse  force 
(1.5149). 

Jet  damping  pitching  transverse  force 
(L5149). 

Vacuum  thrust  of  die  CT  long-time 
.  tb  & 

trace. 

Instantaneous  main  thrust  (L5124). 

Input  value  of  the  main  vacuum  thrust  to 
be  used  during  t  %  t  it...  where 
j  =  1,2.  .,.,25  pe^  stage  (Lk021,024, 
etc). 


(lb/ sec) 


(deg) 


Symbol  Definition  Units 


*  MV 

^MV 

F 

n 


Instantaneous  main  vacuum  thrust  (lb) 

(L5125). 

Instantaneous  main  vacuum  thrust  (lb) 

-ate  (L5126). 

Nominal  vacuum  thrust  of  each  motor.  (lb) 

Nominal  altitude  thrust  used  in  TMC  (lb) 

logic. 

Delivered  motor  thrust  (F)  at  t  (lb) 

during  TVC  design  stage.  ^ 

Instantaneous  roll  control  thrust.  (lb) 

Positive  if  the  vehicle  is  intended  to 
rotate  clockwise  as  seen  from  the  rear 
ox  the  vehicle.  (L5?14). 

Time  rate  change  of  roll  control  thrust  (lb/sec) 
(L5769). 


RC 

fro 

FTDy 

FTDz 

F 

v 

F 

VN 

If/wI 


FWl 


Instantaneous  roll  control  system  thrust  (lb) 
command  signal  (L5721). 

Input  per  stage  initial  roll  thrust  (Lk424).  (lb) 

Movable  nozzle  tail-wag-xiog  force  in  yaw,  (lb) 
positive  to  the  right  (LSI 47). 

Movable  nozzle  tail-wag-dog  force  in  (lb) 
pitch,  positive  down  (L5148). 

Instantaneous  total  vacuum  thrust  (L5123).  (lb) 

Nominal  vacuum  thrust  used  in  TMC  logic  (lb) 
(L5132). 

Instantaneous  effective  specific  impulse  (sec) 
(L5115). 

Input  Stage  I  vacu'tm  thrust  to  liftoff  (g’s) 

weight  used  in  the  vehicle  characteristics 
pertinent  to  roll  requirement  (L0675). 

Components  of  total  vehicle  thrust  (lb) 

parallel  to  the  coordinate  axes  of  the 
b  system  (L5141). 


if 


131 


Symbol 

Definition 

Units 

Fx 

Thrust  force  along  nozzle  centerline 
(L5144). 

(lb) 

F 

y 

Components  of  total  vehicle  thrust 
parallel  to  the  coordinate  axes  of  the 
b  system  {LSI 42). 

(lb) 

fy 

Component  of  total  vehicle  thrust 
moved  to  nozzle  centerline,  positive 
right  (L5145). 

(lb) 

F  . 

yj 

Input  thrust  control  law  code  for  the 
j-ih  type  of  TMC  table  (L6800,  81C,  etc). 

(dim) 

F 

z 

Components  of  total  vehicle  thrust 
parallel  to  the  coordinate  axes  of  the 
b  system  (L5143). 

(lb) 

Fz 

Component  of  total  vehicle  thrust 
normal  to  nozzle  centerline,  positive 
down  (L5146). 

(lb) 

F  . 

A  x 

Input  maximum  roll  control  thrust  for 
the  i-th  zone,  i  =  1,2,  or  3  (Lk641, 
651,661). 

(lb) 

F 

vave 

Output  TVC  duty  cycle  stage  average 
vacuum  thrust. 

(lb) 

F 

vac 

Nominal  input  vacuum  thrust  time  curve 

(lb) 

F 

vac 

Instantaneous  vacuum  motor  thrust 

(lb) 

F 

vacq 

Output  vacuum  motor  thrust  (f*  ^  ) 
during  the  TVC  design  stage  at 

*Bq* 

(lb) 

*  > 
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_£jlQ_ 


Symbol 

Definition 

Units 

8e 

Gravitational  force  at  the  missile. 

(ft/sec2) 

K 

Input  mass  conversion  gravity.  If  input 
ueio,  set  equal  to  32.  174  (L0024). 

(ft/sec2) 

g1 

be 

Input  gravitational  acceleration  at 
the  surface  of  the  reference  body.  If 
input  aero,  set  equal  to  32.  14625  (L0025). 

(ft/s  ec2) 

gi 

Lagranian  constraining  function  of  the 
i-th  dependent  variables  y^  used  in  the 
hunting  procedure  (P2). 

(dbi) 

Fraction  cf  propellant  removed  (L5084). 

(dim) 

gWI 

Percent  web  (L50?7). 

(dim) 

8xe 

Launch  centered  earth  fixed  northernly 
component  of  gravity  (L5Q41). 

(ft/sec^) 

8xl 

Local  northernly  component  of  gravity 
(L5038). 

(ft  /  sec^) 

gyc 

Launch  centered  earth  fixed  easternly 
component  of  gravity  (L5042). 

(ft  /  sec^} 

gyl 

Local  easterniy  component  of  gravity 
(L5039). 

(ft/ sec^) 

gze 

Launch  centered  earth  fixed  downward 
component  of  gravity  (L5043). 

(ft/ sec“) 

gzl 

Local  downward  component  of  gravity 
(L5C40). 

(ft/sec^) 

Gz 

Partial  derivatives  of  altitude  accelera¬ 
tion  to  vehicle  altitude  (L5455). 

,  2 

(ft/sec  -deg) 

G 

Lagrangian  constraining  function  maxi¬ 
mized  or  minimized  to  provide  an 
external  of  the  function  X  subject  to  one 
or  more  constraints  used  in  the  hunting 
procedure  (P2). 

(dim) 
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h,  H 


Symbol  Definition  Units 

h  Missile  geometric  altitude.  Distance  between  the  (ft) 

surface  of  the  reference  body  and  the  missile 
measured  along  the  local  vertical.  Positive  away 
from  the  reference  body  (L5028) 

* 

h  Time  rate  change  of  missile  geometric  altitude 

rate  between  the  surface  of  the  reference  body  and 
missile  measured  along  the  local  vertical  positive  away 
from  the  reference  body  (L5029) 

h  Instantaneous  altitude  acceleration  (L5030) 

h  Apogee  altitude  of  the  missile  during  the  glide 

3  phase  (L5031) 


h  V. 

ab 

Altitude  above  launcher  (L5034) 

(ft) 

ha(Bi) 

Apogee  altitude  of  the  glide  phase  if  the  powered 
flight  were  to  end  at  the  termination  of  stage  I 
(L5915) 

(nm) 

ha(B2) 

Apogee  altitude  of  the  glide  phase  if  the  powered 
flight  were  to  end  at  the  termination  of  stage  II 
(L5940) 

(nm) 

ha(B3) 

Apogee  altitude  of  the  glide  phase  if  the  powered 
flight  were  to  end  at  the  termination  of  stage  HI 
(L5965) 

(nm) 

ha(B4) 

Apogee  altitude  of  the  glide  phase  if  the  powered 
flight  were  to  end  at  the  termination  of  stage  IV 
(L5990) 

(nm) 

h 

ap 

Height  of  apogee  +  paragee  (L5033) 

(nm) 

h(BD 

Missile  geometric  altitude  at  the  termination  of 
stage  I  (L5902) 

(ft) 

h(B2) 

Missile  geometric  altitude  at  the  termination  of 
stage  H  (L5927) 

m 

h(B3) 

Missile  geometric  altitude  at  the  termination  of 
stage  IH  (1,5952) 

m 

(ft/sec) 

(ft/sec~) 

(nm) 
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h,  H 


Symbol 

Definition 

Units 

h(B4) 

Missile  geometric  altitude  at  the  termination  of 

(ft) 

stage  W  (1,5977) 

^1 

Base  geopotentiai  altitude  associated  with  the 
atmosphere  representation 

(ft) 

h  . 

Input  commanded  altitude  used  in  the  constant 

(ft) 

-J 

altitude  type  of  flight  (Ty=8)  (L0313,  320,  etc) 

h 

e 

Input  altitude  of  atmospheric  entry  (LG042) 

(ft) 

hE 

Input  altitude  above  which  ambient  pressure  and 
aerodynamic  forces  are  zero  and  speed  of  sound 
is  1,000  ft/sec.  If  input  zero  is  set  to  300,000  ft 
(L0021) 

(ft) 

hf 

Input  altitude  at  the  termination  of  the  glide 
phase  (L0039) 

(ft) 

hj 

Input  wind  velocity  altitude  •  sociated  with  v^. 
and  where  j  -  1,  2,  ,  30  (L041G,  413, 

etc) 

(ft) 

hL 

Input  launcher  altitude  (L0019) 

(ft) 

hMI 

Estimated  altitude  at  target  intercept  (L5442) 

(ft) 

^mxwd 

Input  altitude  of  maximum  w\nd  velocity.  Also  flag 
to  set  up  wind  table  per  MMRBM  wind  shear  criteria 
(L0682) 

(ft) 

h 

Perigee  altitude  of  the  missile  during  the  glide 

(nm) 

P 

phase  (L5032) 

hp(Bl) 

Perigee  altitude  of  the  glide  phase  if  the  powered 
flight  were  to  end  at  the  termination  of  stage  I 
(L5914) 

(nm) 

hp(B2) 

Perigee  altitude  of  the  giide  phase  if  the  powered 
flight  were  to  end  at  the  termination  of  stage  II 
(L5939) 

(nm) 

hp(B3) 

Perigee  altitude  of  the  glide  phase  if  the  powered 
flight  were  to  end  at  the  termination  of  stage  III 
(L5964)  135 

(nm) 

h.  H 


Symbol 

Definition 

Units 

hp(B4) 

Perigee  altitude  cf  the  glide  phase  if  the  powered 
flight  were  to  end  at  the  termination  of  siage  IV 
(L5989) 

(am) 

hT 

Target  altitude  (L5730) 

(ft) 

Input  target  initial  altitude  at  the  start  of  the  target 
maneuvering  (L0634) 

(ft) 

ha 

Input  final  attitude  of  maximum  wind  shear  used  in 

TVC  duty  cycle  Slew  rate  calculations  (1,0672) 

(ft) 

hf* 

Input  initial  altitude  of  maximum  wind  shear  used 
in  TVC  duty  cycle  slew  rate  calculations  (L0673) 

(ft) 

h 

o 

Input  missile  altitude  at  the  trajectory  start  time 
(L0012) 

(ft) 

H 

e 

Heating  parameter.  Integral  of  qv  from  stage 
initiation  to  the  time  being  printed  (L5747) 

(lb/ft) 

*r 

Target  altitude  rate  (L5780) 

(ft/sec) 
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i.  1 


Symbol 

Definition 

Units 

i 

Orbital  inclination  angle  (L5111) 

(deg) 

I 

Total  missile  impulse  measured  from  stage 
initiation  to  the  time  being  printed  (L5737) 

(lb-sec) 

I 

Output  motor  thrust  impulse  for  TVC  duty  cycle 
stage 

(lb-sec) 

!FC(1) 

Calculated  complementary  table  nozzle  back 
pressure  impulse  for  stage  I  (L5847) 

(lb-sec) 

*FC(2) 

Calculated  complementary  table  nozzle  back 
pressure  impulse  for  stage  II  (L5862) 

(lb-sec) 

IFC(3) 

Calculated  complementary  table  nozzle  back 
pressure  impulse  for  stage  III  (L5877) 

(lb-sec) 

*FC(4) 

Calculated  complementary  table  nozzle  back 
pressure  impulse  for  stage  IV  (L5892) 

(lb-sec) 

JFM(1) 

Calculated  main  table  nozzle  back  pressure 
impulse  for  stage  I  (L5841) 

(lb-sec) 

rFM(2) 

Calculated  main  table  nozzle  back  pressure 
impulse  for  stage  n  (L5856) 

(lb-sec) 

XFM(3) 

Calculated  main  table  nozzle  back  pressure 
impulse  for  stage  III  (L5871) 

(lb-sec) 

IjrM(4) 

Calculated  main  table  nozzle  back  pressure 
impulse  for  stage  IV  (L5886) 

(lb-sec) 

I 

n 

Input  stage  movable  portion  nozzle  movement  of 
inertia  about  the  gimbal  point  (Lk4S3) 

(slug-ft2) 

!pbd 

Pitch  inertia  rotation  damping  moment  integral 
(L5193) 

(ft-lb-sec) 

Pitch  control  thrust  impulse  from  stage  initiation 
to  the  time  being  printed  (L5739) 

(lb-sec) 

TP 

Output  pitch  control  thrust  impulse  per  control  motor 
from  TVC  duty  cycle  initiation  to  stage  termination 

(lb-sec) 

'b 

Auxiliary  roll  control  system  delivered  total 
impulse  (L5745) 

(lb- sec) 
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Symbol 


Definition 


Units 


*RRD 


spaug 


spC(l) 


spC(2) 


spC(3) 


spC(4) 


spM(l) 


spM(2) 


spM(3) 


'spM(4> 


SPRi 


Roll  inertia  rotation  dampii  g  moment  integral  (ft-lb-sec) 

(L5195) 

Input  and  output  estimated  TVC  system  caused  (sec) 

specific  impulse  augmentation  (positive)  or 
degradation  (negative).  Used  in  trajectory  TVC 
Design  program  refly  (L0679) 

Input  complementary  specific  impulse  usi.-'  *  >  (sec) 

compute  vehicle  weight  flow.  If  zero  wr-ipH  t. 
is  determined  from  input  weight  flow  ‘ .  ;*:«) 

Calculated  complementary  table  adjustee  to  vacuum  (sec) 

specific  impulse  for  stage  I  (L5852) 

Calculated  complementary  table  adjusted  to  vacuum  (sec) 

specific  impulse  for  stage  II  (L5867) 

Calculated  complementary  table  adjusted  to  vacuum  (sec) 

specific  impulse  for  stage  III  (L5882) 

Calculated  complementary  table  adjusted  to  vacuum  (sec) 

specific  impulse  for  stage  IV  (L5897) 

Input  main  specific  Impulse  used  to  compute  vehicle  (sec) 

weight  flow.  If  zero,  weight  flow  is  determined 
from  the  input  weight  flow.  Also  output  in  the  TVC 
duty  cycle  (LkOlG) 

Calculated  main  table  adjusted  to  vacuum  specific  (sac) 

impulse  for  stage  I  (L584G) 

Calculated  main  table  adjusted  to  vacuum  specific  (sec) 

impulse  for  stage  II  (L5861) 

Calculated  main  table  adjusted  to  vacuum  specific  (sec) 

impulse  for  stage  Ili  (L5876) 

Calculated  main  table  adjusted  to  vacuum  specific  (sec) 

impulse  for  stage  IV  (L5891) 

Input  roll  control  motor  specific  impulse  for  the  (sec) 

i-th  zone,  i  =  1,  2,  or  3  (Lk646  ,  656,  666) 

Total  missile  vacuum  impulse,  measured  from  (ib-sec) 

stage  initiation  to  the  time  being  printed  (L5738) 
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i,  I 


Symbol 

V(B1) 

V(B2) 

*V(B3) 

*V(B4) 


*vC 


I" 

vC 


vC(I> 


vC(2) 


vC(3) 


vC(4) 


A 

I 


vC(l) 


vC(2) 


t 


vC(3) 


A 

I 


vC(4) 


Definition  Units 

Total  missile  vacuum  impulse  for  stage  I  (L5913)  (lb-sec) 

Total  missile  vacuum  impulse  for  stage  n  (L5938)  (lb-sec) 

Total  missile  vacuum  impulse  for  stage  III  (L5963)  (lb-sec) 

Total  missile  vacuum  impulse  for  stage  IV  (L5988)  (lb-sec) 

Output  motor  vacuum  thrust  impulse  for  TVC  duty  (lb-sec) 

cycle,  stage 

Input  complementary  stage  total  vacuum  impulse  (lb-sec) 

(Lkl06) 

Vacuum  impulse  under  input  complementary  thrust  (lb-sec) 

curve  (L5105) 

Calculated  input  vacuum  corrected  complementary  (lb-sec) 

table  time  adjusted  thrust  integral  for  stage  I 

(L584S) 

Calculated  input  vacuum  corrected  complementary  (ib-sec) 

tabie  time  adjusted  thrust  integral  for  stage  II 

(L5863) 

Calculated  input  vacuum  corrected  complementary  (lb-sec) 

table  time  adjusted  thrust  integral  for  stage  HI 

(L5879) 

Calculated  input  vacuum  corrected  complementary  (lb-sec) 

tabic  time  adjusted  thrust  integral  for  stage  IV 

(L5893) 

Calculated  complementary  table  input  total  impulse  (lb-sec) 

adjusted  to  vacuum  condition  for  stage  I  (L5849) 

Calculated  complementary  table  input  total  impulse  (lb-sec) 

adjusted  to  vacuum  condition  for  stage  Q  (L5863) 

Calculated  complementary  table  input  total  impulse  (lb-sec) 

adjusted  to  vacuum  conditions  for  stage  III  (L5878) 

Calculated  complementary  table  input  total  impulse  (lb-sec) 

adjusted  to  vacuum  conditions  for  stage  IV  (L5893) 


>r 


4 

E 

'"T 

Hi 


it 


i 


J 

-?£ 


ai 


\  s 

-  i 


- 

&T  Jr 
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J 


i.  1 


Symbol 

Definition 

Units 

I* 

vC(l) 

Calculated  complementary  table  vacuum  adjusted 
thrust  integral  for  stage  I  (L5850) 

(lb-sec) 

1* 

vC(2) 

Calculated  complementary  table  vacuum  adjusted 
thrust  integral  for  stage  II  (L5863) 

(ib-sec) 

I* 

vC(3) 

Calculated  complementary  table  vacuum  adjusted 
thrust  integral  for  stage  in  (L5879) 

(lb-sec) 

I* 

vC(4) 

Calculated  complementary  table  vacuum  adjusted 
thrust  integral  for  stage  IV  (L5893) 

(lb-sec) 

V 

vM 

Input  main  siage  total  vacuum  impulse  (Lk095) 

(lb-sec) 

I" 

vM 

Vacuum  impulse  under  tnput  main  thrust  curve  (L5104) 

(lb-sec) 

XvM(l) 

Calculated  input  vacuum  corrected  main  table 
time  adjusted  thrust  integral  for  stage  I  (L5S43) 

(lb-sec) 

rvM(2) 

Calculated  input  vacuum  corrected  main  table 
time  adjusted  thrust  integral  for  stage  II  (L5858) 

(lb-sec) 

IvM(3) 

Calculated  input  vacuum  corrected  main  table 
time  adjusted  thrust  integral  for  stage  HI  (L5873) 

(lb-sec) 

IvM<4) 

Calculated  input  vacuum  corrected  main  table 
time  adjusted  thrust  integral  for  stage  IV  (L5888) 

(lb- sec) 

A 

vM(J) 

Calculated  main  table  input  total  impulse  adjusted 
to  vacuum  conditions  for  stage  I  (L5842) 

(lb-see) 

1“ 

vM(2) 

Calculated  main  table  input  total  impulse  adjusted 
to  vacuum  conditions  for  stage  II  (L5857) 

(lb-sec) 

f 

vM(3) 

Calculated  main  table  input  total  impulse  adjusted 
to  vacuum  conditions  for  stage  III  (L5872) 

(lb-sec) 

'i' 

vM(4) 

Calculated  main  table  input  total  impulse  adjusted 
to  vacuum  conditions  for  stage  IV  (L5887) 

(lb-sec) 

I* 

vM(l) 

Calculated  main  table  vacuum  adjusted  thrust 
integral  for  stagu  I  (L5844) 

(ib-sec) 

I* 

vM(2) 

Calculated  main  table  vacuum  adjusted  thrust 
integral  for  stage  II  (L5859) 

(lb-sec) 
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i,  I 


Symbol 


I* 

vM(3) 


I* 

vM(4) 


*vT 


vT(l) 


vT(2) 


XvT(3) 

XvT(4) 

A 

T 

vT(l) 

A 

T 

vT(2) 

f 

vT(3) 

'l 

vT(4) 

I* 

vT(l) 

C‘ 

1 

I* 

i* 

vT(2) 

I* 

vT(3) 

Definition  Units 

Calculated  main  table  vacuum  adjusted  thrust  (lb-sec) 

integral  for  stage  m  (L5874) 

Calculated  main  table  vacuum  adjusted  thrust  (lb-sec) 

integral  for  stage  IV  (L5S89) 

Input  total  r,f  the  main  and  complementary  vacuum  (lb-sec) 

impulse  (Lk004) 

Calculated  input  vacuum  corrected  main  and  (lb-sec) 

complementary  impulse  corrected  for  stage  I 

(L5855) 

Calculated  input  vacuum  corrected  main  and  (lb-sec) 

complementary  impulse  time  corrected  for  stage  II 

(L5870) 

Calculated  input  vacuum  corrected  main  and  (lb-sec) 

complementary  impulse  time  corrected  for  stage  III 

(L5885) 

Calculated  input  vacuum  corrected  main  and  (Ib-sec) 

complementary  impulse  time  corrected  for  stage  IV 

(L5900) 

Calculated  input  main  and  complementary  impulse  (lb-sec) 

corrected  to  vacuum  condition  for  stage  I  (L5853) 

Calculated  input  main  and  complementary  impulse  (lb-sec) 

corrected  to  vacuum  conditions  for  stage  II  (L586S) 

Calculated  input  main  and  complementary  impulse  (lb-sec) 

corrected  to  vacuum  conditions  for  stage  III  (L5883) 

Calculated  input  main  and  complementary  impulse  (ib-sec) 

corrected  to  vacuum  conditions  for  stage  IV  (L5898) 

Calculated  main  and  complementary  vacuum  adjusted  (Ib-sec) 
thrust  integral  for  stage  I  (L5854) 

Calculated  main  and  complementary  vacuum  adjusted  (lb-sec) 
thrust  integral  for  stage  II  (L5S69) 

Calculated  main  and  complementary  vacuum  adjusted  (lb-see) 
thrust  inteffral  for  stage  in  (f£884) 
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Symbol 


Definition 


Units 


I* 

vT(4) 


Calculated  main  and  complementary  vacuum  adjusted 
thrust  integral  for  stage  IV  (L5899) 

Output  integral  of  the  stage  main  plus  complementary 
thrust  tables  as  adjusted  by  the  calculated  multipliers 

Input  roll  moment  of  inertia  multipler  (Lk477) 

Input  total  vehicle  roll  moment  of  inertia  weight 
input  Wj  „  where  j  =  1 ,  2 ,  . . . ,  15  per  stage 
(Lk494,  504) 

Roll  moment  of  inertia  about  vehicle  center-of- 
gr&vibr  (L5175) 

Time  rate  change  of  roll  moment  of  inertia  (L5184) 

Roll-yaw  product  of  inertia  about  vehicle  center-of- 
gravity  (L5176) 

Time  change  of  roll-yaw  product  of  inertia 
(L5185) 

Input  total  vehicle  roll-yaw  product  of  inertia 
corresponding  to  the  total  weight  input  Wj ,  where 
;  -  1,  2,  ,  15  per  stage  (Lk495,  505) 

Roll-pitch  product  of  inertia  about  vehicle  center- 
of-gravity  (LSI  77) 

Time  rate  change  of  roll-pitch  product  of  inertia 
(L5.186) 

Yaw  control  thrust  impulse  from  stage  initiation 
to  the  time  being  printed  (L5740) 

Input  moment  of  inertia  multiplier  (Lk4?5) 

Input  total  vehicle  pitch  moment  of  inertia  corre¬ 
sponding  to  the  total  vehicle  weight  input  Wj  where 
j  --  l,  2,  ...»  15  per  stage  (Lk490,  500) 

Ou*pu.t  yaw  control  thrust  impulse  per  control 
motor  from  TVC  stage  initiation  to  stage  termination 


(lb-sec) 


(lb-sec) 


2 

(slug  it  ) 


(ft- lb-sec  ) 


(ft-lb-sec) 

(ft-lb-sec2) 


(ft-ib-see) 


(slug  ft2) 


(ft-lb-sec  ) 


(ft-lb-scc) 


(lb-sec) 


(lb-sec) 
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i>  I 


Symbol 

I* 

vT(4) 


vT 


*Xj 


XX 

* 

*xx 

XXY 

hs 

JXYj 

lm 

Xxz 


y 

**j 


Definition  Units 

Calculated  main  and  complementary  vacuum  adjusted  (Ib-sec) 
thrust  integral  for  stage  IV  (L5809) 

Output  integral  of  the  stage  main  plus  complementary  (Ib-sec) 

thrust  tables  as  adjusted  by  the  calculated  multipliers 

Input  roll  moment  of  inertia  multipier  (Lk477)  (dbi) 

2 

Input  total  vehicle  roll  moment  of  inertia  weight  (slug  ft  ) 

input  Wj,  where  j  =  1,  2 . 15  per  stage 

(Lk494,  504) 

2 

Boll  moment  of  inertia  about  vehicle  cenler-of-  (ft-lb-sec  ) 

gravity  (L5175) 

Time  rate  change  of  roll  moment  of  inertia  (L5184)  (ft-lb-sec) 

2 

Boll-yaw  product  of  inertia  about  vehicle  eenter-of-  (ft-lb-sec  ) 

gravity  (L5178) 

Time  rate  change  of  roll-yaw  product  of  inertia  (ft-lb-sec) 

(LSI  35) 

o 

Input  total  I'shicle  ro’i-yaw  product  of  inertia  (slug  ft") 

corresponding  to  the  totsi  weight,  input  Wj ,  where 
j  -  lt  2,  ...  *  15  per. stage  <Lk495,  505) 

2 

Boll-pitch  product  of  inertia  about  vehicle  center-  (ft-lb-sec") 

of-gravifcy  (1*5177) 

Time  rate  change  of  foil-pitch  product  of  inertia  (ft-lb-sec) 

(L5186) 

Yaw  control  thrust  impulse  from  stage  initiation  (lb-sec) 

to  the  dhic  boiag  pointed  (L5740) 

Input  mooaejit  of  inertia  multiplier  (Lk47G>  (dbi) 

Input  total-vehicle  pitch  moment  of  inertia  corre-  (dbi) 

sooSuiag  to  the  total  vehicle  weight  input  Wj.  where 


*t  ?  y  *-3 


15  pe^  stage.  r(Lk4U!>,  500) 


Output  vaw  control  thrust  impulse  per  ccatroi 
motor  from  TVC  sta%e  initiation  to  stage  termination 


(lb-sec) 


Symbol 


Definition 


Units 


IYRD 

*yy 

*yz 

t 

~YZ 

hzj 

\ 

li\ 

JZXj 


Yaw  inertia  rotation  damping  moment  integral  (ft-lb-sec) 

(L5194) 

2 

Pitch  moment  of  inertia  aboui  vehicle  center-of-  (ft-lb-sec  ) 

gravity  (L517S) 

Time  rate  change  of  pitch  moment  of  inertia  (L5188)  (ft-*lb-sec) 

2 

Yaw-pitch  product  of  inertia  about  vehicle  center-  (ft-lb-sec  ) 

of-gravity  (L5180) 

Time  rate  change  of  yaw-pitch  product  of  inertia  (ft-lb-sec) 

(L5189) 

.2 

Input  total  vehicle  yaw  pitch  product  of  inertia  (slug  it  ) 

corresponding  to  the  total  vehicle  weight  input  Wjt  where 
j  =  1,  2,  ...»  J5  per  stage  (Lk496,  506) 

Input  yaw  moment  of  inertia  multiplier  (Lk476)  (dbi) 

2 

Input  total  vehicle  yaw  moment  of  inertia  corre-  (slug  ft  ) 

sponding  to  the  total  vehicle  weight  input  W,  where 
j  =  1,  2,  ,  15  per  stage  (Lk492,  502) 

2 

Input  total  vehicle  pitch-roll  product  of  inertia  (slug  ft  ) 

corresponding  to  the  total  vehicle  weight  input  Wj , 
where  j  =  1,  2,  .. . ,  15  per  stage  (LK497,  507} 

2, 

Yaw  moment  of  inertia  about  vehicle  center-of-  (ft-lb-sec  ) 

gravity  (L5183) 

Time  rate  change  of  yaw  moment  of  inertia  (L5192)  (ft-lb-sec) 


Sum  of  pitch  angular  thrust  vectoring  velocities  from  (deg) 
stage  initiation  to  the  time  being  printed  (L5741) 

Sum  of  pitch  angular  thrust  vectoring  velocities  from  (deg) 
stage  initiation  to  the  time  being  printed  corrected 
for  dither  (L5116) 

Sum  of  yaw  angular  thrust  vectoring  velocities  from  (deg) 

stage  Initiation  to  the  time  being  printed  (L5742) 

Sum  of  yaw  angular  thrust  vectoring  velocities  from  (deg) 

.stage  initiation  to  the  time  being  pointed  corrected 
for  dither  (L511'1)  . 


sr=3^gss33*  -^^%£g^- ■*» 


u 


kJ 


Symbol  Definition  Units 

J  Input  gravitational  value  which  accounts  for  the  earth’s  (dim) 

oblateness  (L0023) 


k,  K 


..... 


Symbol 


^Pj 


^DRi 


^Yj 


Definition 

Input  quantity  which  determines  stage  termination 
(Lk003) 

Input  isolation-maximization  control  function.  If 
zero,  isolation  is  specified  and  if  ncnzero,  maxi¬ 
mization  of  the  dependent  variables  will  occur  used 
in  hunting  procedure  (PI)  (L0076) 

Input  flag  which  stipulates  that  the  main  nozzle  exit 
area  will  be  used  in  the  base  drag  calculations  when 
splitting  main  and  complementary  tables  to  allow  for 
up  to  47  thrust  time  points  (Lkl08) 

Commanded  thrust  velocity  error  gain  used  in 
TMC  (L5452) 

Commanded  thrust  dynamic  pressure  error  gain 
used  in  TMC  (L5453) 

Input  lower  and  upper  limits,  respectively,  for 
computation  of  orbital  elements  and  impact 
determination  computations  (L0037,  38) 

Input  and  output  stage  number  of  TVC  duty  cycle 
stage  (L0671) 

Instanianeous  control  system  pitch  attitude  error 
gain  (L5461) 

Input  control  system  pitch  attitude  error  gain  for 
the  j-th  control  region  j  =  1,  2,  or  3  (Lk450,  459, 

etc) 

Instantaneous  control  system  roll  attitude  error 
gain  •  (L5463) 

Input  roll  control  system  attitude  error  gain  for 
the  i-th  zone ,  i  =  1 ,  2,  or  3  (Lk643  ,  653  ,  663) 

Instantaneous  control  system  yaw  attitude  error 
gain  (L5462) 

Input  control  system  yaw  attitude  error  gain  for 
the  j-th  control  region  j  -  1,  2,  or  3  (Lk451,  460,  etc) 


Units 


(dim) 


(dim) 


(lb-sec/ft) 


(dim) 


(dim) 


(dim) 


(dim) 


(dim) 


(dim) 


(dim) 
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Symbol 

Definition 

Units 

k‘fc 

input  multiplier  of  the  complementary  vacuum 
thrust.  If  input  zero  for  the  k-th  stage  and  I*  = 

I'  ^  =  0,  the  complementary  thrust  for  the  k-th 

stage  are  zero  (LklOO) 

(dim) 

kfc 

Calculated  vacuum  scale  factor  for  back  pressure 
term  for  complementary  thrust  time  table 

(dim) 

KFC(1) 

Calculated  complementary  table  thrust  multiplier 
for  stage  I  (L5851) 

(dim) 

K* 

FC(2) 

Calculated  complementary  table  thrust  multiplier 
for  stage  11  (L5866) 

(dim) 

K* 

FC(3) 

Calculated  complementary  table  thrust  multiplier 
for  stage  HI  (L5881) 

(dim) 

KFC(4) 

Calculated  complementary  table  thrust  multiplier 
for  stage  IV  (L5896) 

(dim) 

'xs?j 

K« 

Input  limit  of  the  j-th  type  of  flight  where  j  =  1,  2, 

....  or  16  (L0312,  319,  etc) 

(dbi) 

kfm 

Input  multipliers  of  the  main  vacuum  thrust  (Lk007) 

(dim) 

K" 

FM 

Calculated  vacuum  scale  factor  for  back  pressure 
term  for  main  ihrust  time  table 

(dim) 

K* 

FM(1) 

Calculated  main  table  thrust  multiplier  for  stage  I 
(L5845) 

(dim) 

K* 

FM(2) 

Calculated  main  table  thrust  multiplier  for  stage  II 
(L5860) 

(dim) 

X* 

FM(3) 

Calculated  main  table  thrust  multiplier  for  stage  HI 
(L5875) 

(dim) 

K* 

FM(4) 

Calculated  main  table  thrust  multiplier  for  stage  IV 
(1/5890) 

(dim) 

KFyj 

Input  limit  of  the  j-th  type  TMC  (L08O2,  812,  etc) 

(*i) 

KGik 

Input  attitude  control  system  gain  zone  limits 
(i  =  1*  2,  or  3)  and  the  k-th  stage  k  =  1,  2,  3,  or  4 
(Lk458,  467) 

(dbi) 

.  J 

k,  K 


Symbol 


Definition 


Units 


Input  quantity  which  designates  the  start  of  the 
acquisition  zone  for  evaluation  of  the  steering 
equation  coefficient  for  the  k-th  stage,  k  =  1,  2,  3, 
or  4  (LK398) 

Input  quantity  which  designates  the  end  of  the 
acquisition  zone  for  evaluation  of  the  steering 
equation  coefficient  for  the  k-th  stage,  k  -•  1,  2,  3, 
or  4  (Lk400) 

Input  wind  altitude  multiplier  and  flag.  If  zero, 
no  wind  effects  are  considered  (L040?) 

Input  navigation  constant  used  in  the  Homing 
Guidance  (Ty=ll)  (L0313,  320,  etc) 

i-th  row,  j— tii  column  of  the  [k]  Euler  angle  rotation 
matrix  which  rotates  the  m  system  to  the  b  system. 

These  elements  are  the  direction  cosines  between  the 
achieved  and  desired  vehicle  attitude,  ie,  the  error  angles. 

Instantaneous  control  system  angle  of  attack  gain 
(L5469) 

Input  pitch  angle  of  attack  gain  for  the  j-th  control 
region  j  -•  1,  2,  or  3  (Lk454,  463,  etc) 

Roil  control  attitude  bias  gain  (L5466) 


(dim) 


(dim) 


(dim) 


(l/sec) 


Instantaneous  control  system  angle  of  side  slip 
gain  (L5465) 

Input  yaw  angle  of  slide  slip  gain  for  the  j-th 
control  region  j  =  1,  2,  or  3  (Lk455  ,  464) 

Input  value  of  that  parameter  at  which  the  weight 

W  is  to  be  jettisoned  where  j  =  1 ,  2,  ...  or  8 
JTj 

(L0051,  54,  etc) 

Input  stage  start  control  function.  If  I,  2,  3,  or  4, 
the  run  starts  at  the  initiation  of  the  first,  second, 
third,  or  fourth  stage,  respectively  if  input  zero 
set  equal  to  1  (L0003) 


(dim) 


(dim) 


(dim) 
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i 

.-J 


Symbol 


Definition 


Units 


SiOk 


Instantaneous  aerodynamic  pitch  movable  fin  drag  (aim) 

due  to  lift  factor  (L5567) 

Input  aerodynamic  pitch  fin  drag  due  to  lift  multiplier.  (dim) 
If  zero  set  equal  to  1  (Lk709) 

Input  aerodynamic  pitch  fin  drag  due  to  lift  factor  (rad) 

(Lk714,  720,  etc.) 

Input  quantity  which  designates  the  limit  of  the  j-th  (dim) 

mode  type  end  where  j  =  1 ,  2,  ...»  10  (L062,  605,  etc) 

Input  complementary  thrust-weight  table  weight  (dim) 

carryover  flag  for  the  k~th  stage.  If  an(* 

are  nonzero,  separation  has  occurred  with  regards 
to  the  complementary  weight.  If  Kq.  is  nonzero  and 

and  K„_ .  is  zero,  the  total  vehicle  weight  at  the 
NOk 

termination  of  the  k-1  stage  is  used  as  the  initial 
weight  of  the  k-th  stage  (Lkl07) 

Input  main  thrust-weight  table  weight  carryover  flag  (dim) 

for  the  k-th  stage.  If  zero,  separation  has  occurred 
with  regards  to  the  main  and  complementary  weights. 

If  nonzero,  the  main  weight  at  the  termination  of  the 
k-1  stage  is  used  as  the  initial  main  weight  of  the 
k-th  stage  (Lk012) 

Pressure  rate  gain  used  in  pintle  area  control  low  (sec) 

in  the  TMC  (L5451) 

Input  aerodynamic  pitch  fin  deflection  angle  multiplier  (dim) 
(Lk705) 

Input  aerodynamic  pitch  damping  moment  due  to  pitch  (dim) 
rate  multiplier  (Lk301) 

Input  roll  control  system  flag.  If  equal  1,  an  (dim) 

auxiliary  roll  thruster  uystem  is  simulated.  If 
equal  2,  aerodynamic  central  fins  are  used  (Lk405) 

Instantaneous  control  system  pitch  rate  gain  (L5467)  (sec) 
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{, 


■ 


Symbol 

'Stpj 

KRB 

Ski 

Sy 

Syj 

K„ 


s 


sh 


K' 

tc 


S 


kim 


K 


tM 


K. 


TPF 


k,  K 


Definition 


Input  control  system  pitch  attitude  rate  gain  for 
j-th  control  region,  j  =  1,  2,  or  3  (Lk452,  461,  etc) 

Instantaneous  control  system  roll  rate  gain  (L5469) 

Input  roll  control  system  attitude  rate  gain  :or  the 
i-th  zone,  1  =  1,  2,  or  3  (Lk645,  655,  665) 

Instantaneous  control  system  yaw  rate  gain  (L5468) 

Input  control  system  yaw  attitude  rate  gain  for  the 
j-th  control  region,  j=  1,  2,  or  3  (Lk453,  462,  etc.) 

Pressure  error  gain  used  in  pintle  area  control 
low  in  the  TMC  (L5450) 

Input  stage  print  control  function.  A  nonzero  value 
is  required  to  print  the  trajectory  at  the  termina¬ 
tion  of  each  stage  during  the  hunting  procedure 
(L0074) 

Input  shaper  control  flag  where:  if  it  equals  zero, 
ignore  routine 

1.  maximize  range, 

2.  maximize  payload  to  a  given  range,  or 

3.  determine  payload  to  a  circular  orbit  (L0598) 

Input  complementary  switching  time  multiplier.  If 
zero,  the  program  assumes  a  value  <?f  1  (Lkl02) 

Input  value  when  a  trajectory  printout  is  desired 
where  j  =  1,  2,  ...»  8  (L0237,  239,  etc) 

Input  main  switching  time  multipliers.  If  zero, 

the  program  assumes  a  value  of  1.  If  <r  Is 

8 

designated  at  t^,  then  Kg  is  multiplied  by  K|  . 
(LkOG9) 

Output  for  the  TVC  duty  cycle  stage ,  the  main 
switching  time  multiplier 

Input  titled  print  flag  (L0683) 
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Units 

(sec) 

(sec) 

(sec) 

(sec) 

(sec) 

(in.4/lb-sec) 

(dim) 

(dim) 


(dim) 

(dbi) 

(dbi) 


(dim) 

(dim) 


y*jj 


Symbol 


K. 


Tto 

K 

v 

HtC 


WM 


K 


XXX 


K'  f 
ycf 


K 


yk 


K; 


K; 


K 


a 


K- 


K« 


k,  K 


Definition 

Input  quantity  which  designates  the  start  of  target 
maneuvering  (L0631) 

Input  wind  speed  multiplier  (L0408) 

Input  complementary  weight  flow  multiplier.  If 
input  zero  is  set  to  1.0  (LklOl) 

Input  maimveight  flow  multiplier.  If  input  zero  is 
set  to  1.0  (LkOOri) 

Commanded  thrust  system  gain.  Set  equal  to  K 

CFR 

if  Fy=3  and  ^  if  f^=G  (L5454) 

Input  aerodynamic  yaw  fin  deflection  angle 
multiplier  (Lk704) 

Input  gain  constant  in  the  nontarget  dependent  yaw 
steering  equation  for  the  k-th  stage  (Lk401) 

Altitude  error  gain  used  in  type  8  flight  (L5456) 

Altitude  rate  gain  used  in  type  8  flight  (L5457) 

Altitude  acceleration  gain  used  in  type  8  flight 
(L5458) 

• 

Input  aerodynamic  pitch  damping  moment  due  to 
time  rate  change  of  angle  of  attack  multiplier 
(Lk303) 

Input  glide  phase  termination  control  function.  A 
value  of  plus  1  will  specify  impact  after  apogee , 
whil6  a  minus  1  will  specify  impact  before  apogee 
(L0040) 

Input  thrust  control  flag.  If  zero,  control  thrust 
is  determined  from  instantaneous  vehicle  thrust. 

If  1 ,  the  control  thrust  is  obtained  from  the 
instantaneous  main  stage  thrust,  if  2  control  thrust 
is  nonexistent  (Lk434) 


J 


Units 

(dbi) 

(dbi) 

(dim) 

(dim) 

(dim) 

(dim) 

(dim) 

(deg/ft) 

(deg-sec/ft) 

(deg-sec2/ft) 

(dim) 

(dim) 

(dim) 
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k,  K 


Symbol 


Definition 


Units 


Input  side  impulse  multiplier.  If  input  zero  is 
set  to  .1  (Lk387) 


(dim) 


Command  attitude  pitch  attitude  angular 
acceleration  gain  used  in  type  of  flight  8  and  9 
(L5459) 


(sec2) 


I-out  wind  azimuth  multiplier  (L0409) 


(dim) 


Command  attitude,  yaw  attitude  angular  acceleration 
gain  used  in  type  of  flight  8  and  9  (L5460) 


2 

(sec  ) 


Symbol 

Definition 

Units 

A 

bz 

Input  pitch  fin  base  root  length  (Lk703) 

(ft) 

cp 

Vehicle  center-of-gravity  to  aerodynamic  center- 
of-pressure  distance  (L5596) 

(ft) 

£ 

e 

Gimbai  point  to  vehicle  center-of-gravity  distance 
(L3593) 

(ft) 

XE 

Nozzle  exit  to  center-of-gravity  distance  (L5594) 

(ft) 

£hz 

Pitch  movable  control  fin  center-of-pressuro  to 
hinge  axis  lever  arm  (L5602) 

(ft) 

£ 

r 

Missile  travel  distance  on  the  rail  launcher  used  in 
ground  launch  tape  of  flight  (Ty=6)  (L5113) 

(ft) 

£ 

n 

Movable  portion  of  the  nozzle  center-of-gravity  to 
gimbai  point  distance  (L5595) 

(ft) 

Vehicle  center-of-gravity  to  sUp-start  motor  thrust 
point  distance  (L5597) 

(ft) 

/Pa 

Aft  end  of  propellant  grain  to  center-of-gravity 
distance  (L5599) 

(ft) 

■*Pf 

Forward  end  of  propellant  grain  to  center-of-gravity 
distance  (L5598) 

(ft) 

^Ri 

Input  thruster  roll  control  lever  arm  for  the  i-th 
center  zone  (Lk638,  648,  658) 

(ft) 

*  SR 

Input  roll  fin  radial  center-of-pressure  to  missile 
centerline  distance  (Lk404) 

(ft) 

*  8y 

Yaw  movable  control  fin  center-of-pressure  to 
vehicle  center-of-gravity  lever  arm  (L5600) 

(ft) 

1  5z 

Pitch  movable  control  fin  center-of-pressure  to 
vehicle  center-of-gravity  lever  arm  (L5601) 

(ft) 

S 

Drag  velocity  loss  from  stage  ignition  (L5746) 

(ft/sec) 

^ran 

Drag  velocity  loss  for  stage  I  (L5907) 

(ft/sec) 

Symbol 


Definition 


LD(B2) 

^(32) 


JD(B4) 


JF(B1) 


F(B2) 


JF(B3) 


JF(B4) 


Jg(Bl) 

W> 

Jg(B3) 

Jg(B4) 


Drag  velocity  loss  for  stage  II  (L5932) 

Drag  velocity  loss  due  to  back  pressure  for  stage  in 
(L5957) 

Drag  velocity  loss  for  stage  IV  (L5982) 

Output  total  velocity  loss  due  to  back  pressure  from 
stage  initiation  to  the  time  being  printed  (L5743) 

Total  thrust  velocity  loss  due  to  back  pressure  for 
stage  I  (L5S0?) 

Total  thrust  velocity  loss  due  to  back  pressure  for 
stage  n  (L5931) 

Total  thrust  velocity  loss  due  to  back  pressure  for 
stage  IE  (L5956) 

Total  thrust  velocity  loss  due  to  back  pressure  for 
stage  IV  (L5981) 

Gravity  losses,  from  trajectory  initiation  to  the  time 
being  printed  (L5748) 

Gravity  velocity  loss  for  stage  I  (L5908) 

Gravity  velocity  loss  for  stage  II  (L5933) 

Gravity  velocity  loss  for  stage  III  (L5918) 

Gravity  velocity  loss  for  stage  IV  (L5983) 

Input  control  system  where  j  =  1,  3,  ...»  10  per  stage, 
If  zero,  a  limit  is  not  applied;  otherwise,  Lj  limits  the 

following  parameters  where  the  statement  number  is  j 

(l)  ^  40b,  (2)  5pn.  (3)  3p,  (4)  5p  and 

(5)  <5p»  (6)  Kjjy  du/b,  (7)  <Jyc,  (9)  <5y 

(10)  &  „  (Lk440-449) 


Definition 


Unifc 


Symbol 


^Ci 

Liput  maximum  roll  control  thrust  for  the  i-th 
zone,  i  =  1,  2,  or  3  (Lk642,  652,  662) 

(lb) 

L 

V 

Output  ideal  velocity  vectoring  losses  (L5118) 

(ft/see) 

LV(B1) 

Vectoring  velocity  loss  for  stage  I  (L5909) 

(ft/sec) 

LV(B2) 

Vectoring  velocity  loss  for  stage  II  (L5934) 

(ft/sec) 

■^(133) 

Vectoring  velocity  loss  for  stage  in  (L5959) 

(ft/sec) 

Vectoring  velocity  loss  for  stage  IV  (L5984) 

(ft/sec) 

/St 


4, 


Symbol 


m 

M 


Ma. 

Aj 


M 


CP 


M 


CQ 


M 


CR 


M 


CYG 


MOj 


r  OQ 


m,  M 


Definition 


Instantaneous  missile  mass  (L5092) 
Missile  Macb  number  (L5063) 


Input  Mach  number  for  aerodynamic 
axial  representation  where  j  =  1,2, 
...»  15  per  stage  (Lkl88,  190,  etc) 


Controlling  moment  about  vehicle 
center -of- gravity  in  roll  (L521C) 


Controlling  moment  about  vehicle 
center-of-gi*avity  in  pitch  (L5208) 


Controlling  moment  about  vehicle 
center -of-gravity  in  yaw  (L5209) 


Aerodynamic  axial  force  c-enter-of- 
gravity  offset  yawing  moment  (L5229) 


Aerodynamic  axial  force  ccnter-of- 
gravity  offset  pitching  moment  (L5230) 


Input  Mach  number  for  aerodynamic 

representation  where  j  =  1,2 . 15 

per  stage  (Lk305,  308,  etc)- 

Perturbing  moment  about  vehicle  center* 
of-gravity  in  roll  (L5207) 


Perturbing  moment  about  vehicle  center- 
of-gravity  in  pitch  (L5205) 


Perturbing  moment  about  vehicle  center- 
of-gravity  in  yaw  (L5206) 


Auxiliary  roll  thrust  control  moment 
(L5225) 


Thrust  vector  control  pitching  moment 
(L5223) 


Tbrmt  vector  control  yawing  moment 
(L5224) 


Units 


(lb -sec  / ft) 
(dim) 

(dim) 


(ft-lb) 

(ft-lb) 

(ft-lb) 

(ft-lb) 

(ft-lb) 

(dim) 


(ft-lb) 

(ft-lb) 

(ft-lb) 

(ft-lb) 

(ft-lb) 

(ft-lb) 


4 

•f 


v* 

$ 
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n,  M 


Definition 


Units 


FOP 


FOQ 

mfoe 

mfvp 


MIN. 

J 


%* 


izmax 


Input  Mach  number  for  aerodynamic  fin 
representation  where  j  =  1,  2,  ,  .  ,  , 

15  per  stage  (Lk710,  716,  »tc) 

Thrust  offset  rolling  moment  due  to 
pitch  and  yaw  T VC  (L5216) 

Thrust  offset  pitching  moment  (L5214) 

Thrust  offset  yawing  moment  (L5215) 

Rolling  moment  about  vehicle  .rter- 
of-gravity  due  to  vortexing  effect  of 
axial  gas  flow  through  the  nozzle 
(L5219) 

Torque  about  the  yaw  fin  hinge  axis 
(L5247) 

Torque  about  the  pitch  fin  hinge  axis 
(L5248) 

Input  minimum  velocity  or  constant 
Mach  number  of  the  j~th  type  of  TMC 
(LQ806,  816,  etc) 

Jet  damping  pitching  moment  (L.5220) 

Jet  damping  yawing  moment  (L522I) 

Unbalanced  roll  moment  about  vehicle 
center -of- gravity  (L5Z04) 

Unbalanced  pitching  moment  about 
vehicle  center-of-gravity  (L5202) 

Unbalanced  yaw  moment  about  vehicle 
center-of-gravity  (L5203) 

Output  maximum  of  the  absolute  value 
yaw  fin  hinge  torque  for  the  TVC  design 
stage 

Output  maximum  of  the  absolute  value 
pitch  fin  hinge  torque  for  the  TVC 
design  stage 


(dim) 


(ft-lb) 

(ft-lb) 

(ft-lb) 

(ft-lb) 


(ft-lb) 

(ft-lb) 

(dim  or  ft/sec) 

(ft-lb) 

(ft-lb) 

(ft-lb) 

(ft-lb) 

(ft-lb) 

(ft-lb) 

(ft-lb) 


m,  M 


Symbol 


Definition 


^SlDQ 


M 


NDR 


M 


NP 


M 


NQ 

Nf 

mnsq 


mnsr 


mpac 

^PAD 


PCD 


M 


PDA 


ML 


PMC 


M 


PRR 


Aerodynamic  damping  moment  about 
vehicle  center-of-gravity  in  pitch 
(L5235) 

Aerodynamic  damping  moment  about 
vehiche  center-of-gravity  in  yaw 
tL5236) 

Input  Mach  number  for  aerodynamic 
normal  iorce  coefficient  representation 
where  j  =  1,  2,  .  .  .  ,  15  per  stage 
(L,k223,  228,  etc) 

Aerodynamic  rolling  moment  about 
vehicle  center-of-gravity  (L-5213) 

Aerodynamic  yawing  moment  about 
vehicle  center-of-gravity  (L5211) 

Aerodynamic  yawing  moment  about 
vehicle  center-of-gravity  (L5212) 

Aerodynamic  static  pitching  moment 
about  vehicle  center-of-gravity  (L5332) 

Aerodyanmic  static  yawing  moment 
about  vehicle  center-of-gravity  (L5233) 

Pitch  aerodynamic  control  moment  per 
radian  angle  of  altacK  (L5241) 

Pitch  aerodynamic  disturbing  moment 
per  radian  angle  of  attack  (L5244) 

Total  pitch  control  moment  per  radian 
deflection  angle  (L5251) 

Total  pitch  disturbing  moment  per  radian 
angle  of  attack  (L5250) 

Pitch  main  thrust  control  moment  per 
radial  TVC  deflection  angle  (L5234) 

Pitch  inertial  rotation  reaction  moment 
used  in  tho  automatic  gain  logic 
(L5235) 
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- ^ 


Units 

(ft-lb) 

(ft -lb) 

(dim) 

(ft-lb) 

(ft-lb) 

(ft-lb) 

(ft-lb) 

(ft-lb) 

(ft-lb) 

(ft-lb) 

(ft-lb) 

(ft-lb) 

(ft-lb) 

(ft-lb) 


gawBBwaowaaBMa^MMeiBaMaBaBaaigBgEgas- 


m,  M 


Symbol 

Definition 

Units 

mptc 

Pitch  total  thrust  control  moment  per 
radian  TVC  deflection  angle  (L5231) 

(ft-lb) 

“q 

Input  aerodynamic  pitch  damping  moment 
due  to  pitch  rate  multiplier  (Lk299) 

(dim) 

M  * 

q« 

Output  Mach  number  at  maximum  ajJ 
during  the  TVC  duty  cycle  stage 

(dim) 

M_  A  _ 
RAC 

Roll  aerodynamic  control  moment  per 
radian  fin  deflection  angle  (L5243) 

tft-lb) 

mrap 

Aerodynamic  rolling  moment  induced 
by  raceways  (L5222) 

(ft-lb) 

“Rj 

Input  Mach  number  for  aerodynamic 
rolling  moment,  j  =  1,  2,  ...»  10 
(Lk673,  675,  etc) 

(dim) 

mrrr 

Roll  Rotation  Reaction  moment  used  in 
the  automatic  gain  logic  (L5240) 

(ft-lb) 

mtdq 

Movable  nozzle  tail-wag-dog  moment 
about  vehicle  center-of-gravity  in 
pitch  (L5217) 

(ft-lb) 

mtdr 

Movable  nozzle  tail-wag-dog  moment 
about  vehicle  cente~-of-gravity  in  vaw 
(L5218) 

(ft-lb) 

M 

y 

Mcde  type 

(dim) 

M* 

y 

Input  initial  or  restart  type  of  mode 
control  flag  (L0007) 

(dim) 

myac 

Yaw  aerodynamic  control  moment  per 
radian  angle  of  side  slip  (L.5242) 

(ft-lb) 

myad 

Yaw  aerodynamic  disturbing  moment  per 
radian  angle  of  side  slip  (L5245) 

(ft-lb) 

M  . 
yj 

Input  and  output  mode  type  control  where 
j  =  1,  2,  . 10.  If  1  rigid  body  with 
controls,  and  2  rigid  body  with  controls 
(LQ600,  603,  etc) 

(dim) 

J 
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sssss 
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I 


m,  M 


Symbol 

Definition 

Uni' 

myrr 

Yaw  inertial  rotation  reaction  moment 
used  in  the  automatic  altitude  gain 
logic  (L5239) 

(ft-lb) 

M  „ 

Input  aerodynamic  pitch  damping  moment 
due  to  rate  change  of  angle  of  attack 
multiplier  (Lk300) 

(dim) 

M6P 

Rolling  moment  due  to  the  aerodynamic 
control  force  (L5228) 

(ft-lb) 

M5Q 

Pitching  moment  due  to  the  aerodynamic 
control  force  (L5226) 

(ft-lb) 

msr 

Yawing  moment  due  to  the  aerodynamic 
control  force  (L5227) 

(ft-lb) 

n,  N 


Symbol 


Definition 


Units 


n 


dc 


n 


n. 


n 


n‘ 


n‘ 


m 


n 


tl 


n 


tl 


N. 


N. 


NVA 


NPAC 


Outpu'  of  number  1  VC  duty  cycle  t 
data  points 


B 


Output  number  of  velocity  data,  points 
used  in  calculating  the  coefficients  for 
the  pitch  steering  equations 

Output  iteration  number  of  the  hunting 
procedure 

Burning  rate  exponent  used  in  internal 
ballistic  evaluation  is  set  to  0.  6  if  not 
input  (Lk097) 

Input  and  output  internally  calculated 
number  of  control  nozzles  for  the  cluster 
motor  logic  (Lk38i) 

Input  and  output  internally  calculated 
number  of  motors  in  the  stage  cluster 
(Lk381) 

Input  trajectory  number  limit.  No  more 
than  n  trajectories  will  be  computed  during 
the  hunting  procedure  (PI)  by  varying  X 
(L0075) 

Input  specified  maximum  number  of  hunt 
predictions  (P2)  beyond  the  initial  array. 

If  n,  ^  is  input  a  negative  number,  the  hunt 
after  I  iterations  (L0090) 


wi 


if  Restart 


(dim) 

(dim) 

(dim) 

(dim) 

(dim) 

(dim) 

(dim) 

(dim) 

(dim) 


Input  normal  force  control  function  and 
normal  force  multiplier.  If  input  zero,  the 
multiplier  is  set  to  1  and  if  nonzero,  the 
normal  force  is  determined  from  input  and 
multiplied  by  N  where  k  =  1,  2,  3,  4 
(Lk221)  k 

Force  normal  to  velocity  vector  per  radian  (lb) 
angle  of  attack  (LSI  61) 


Pitch  aerodynamic  control  normal  force 
per  radian  fin  deflection  angle  (L5158) 
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(lb) 


n,  N 


Symbol  Definition  Units 


N  _ 
PAD 

Pitch  aerodynamic  disturbing  normal  force 
per  radian  angle  of  attach  (L5159) 

(lb) 

N 

PCD 

Total  pitch  control  normal  force  per 
radian  deflection  angle  (L5162) 

(lb) 

npda 

Total  pitch  disturbing  normal  force  per 
radian  angle  of  attack  (L5160) 

(lb) 

N 

PEA 

Pitch  trim  normal  force  per  radian 
angle  of  attack  (L51&3) 

(lb) 

npy 

Aerodynamic  force  due  to  damping  in 
yaw  (L5167) 

(lb) 

npz 

Aerodynamic  force  due  to  damping  and 
pitch  (L5168) 

(lb) 

Instantaneous  yaw  aerodynamic  axial 

normal  forces  directed  opposite  to  the 

direction  of  the  Y,  axis  (L5165) 
b 

(lb) 

Nz 

Instantaneous  pitch  aerodynamic  normal 

forces  directed  opposite  to  the  direction  of 

the  Z,  axes  (L.5166) 
b 

(lb) 

N 

fly 

Aerodynamic  yaw  fin  normal  force  (L5156)  (lb) 

N. 

nz 

Aerodynamic  pitch  fin  normal  force 
(L5157) 

(lb) 

151 


p,  p 


tag; 


Symbol 


a 

p* 


arC 


aRM 


bo 


ca 


cc 


FL-DA 
GB,  K,  KB, 
N,  O 


m 


Definition 


Units 


Glide  phase  orbital  period  (L5014) 
Ambient  pressure  at  the  missile  (L5068) 


(min) 


(lb/ft2) 


Main  motor  nozzle  critical  pressure  used  (lb/in  ) 
in  separated  flow  equations  (L5072) 

.2 


Input  complementary  table  thrust  reference  {lb /ft  ) 
atmospheric  pressure  (Lkl09) 

2 

Input  main  table  thrust  reference  atmos-  (lb/ft“) 
pheric  pressure  (L.k020) 

Instantaneous  vehicle  angular  roll  velocity,  (deg/sec) 
roll  clockwise  is  positive  (1.5709) 

2 

Instantaneous  vehicle  angular  roll  acceler-  (deg/sec“) 
ation,  roll  clockwise  positive  (L5759) 

Input  initial  vehicle  roll  rate  (L0033) 


(deg/sec) 


Main  motor  chamber  pressure  used  in 
separated  flow  equation  (L5734) 


(lb /in?) 


Time  rate  change  of  chamber  pressure 
(L5784) 


(lb/in.  -sec) 


Output  action  time  average  motor  chamber  (lb /in.  ) 
pressure  for  the  TVC  design  duty  cycle  stage 


Commanded  chamber  pressure  used  in 
pintle  motor  control  logic  (L5071) 


(lb/in?) 


Main  motor  exit  pressure  used  in  separated  (lb/ft  ) 
flow  equations  (L.5074) 


Input  flag  where  nonzero  values  are 
required  if  printlines  DA,  GB,  K,  KB, 
N,  O  are  desired  (L0200-209) 


(dim) 


Base  pressure 


Instantaneous  desired  roll  turning  rate 
(L54C3) 


(lb ./in.  ) 
(deg/sec) 
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Pl_p 


Definition  Units 

2 

Maximum  allowable  chamber  pressure  (lb/in.  ) 

used  in  internal  ballistic  evaluation  (Lk099) 

Input  vehicle  roll  turning  rate  positive  if  (deg/ sec) 

the  vehicle  is  intended  to  roll  clockwise 
looking  at  if  from  the  aft  end  (Ty=l) 

(L0315,  322,  etc) 

2 

Main  motor  nozzle  separation  pressured  (lb/in. ) 
used  in  separated  flow  equations  (L5073) 

Input  flag  to  specify  hunt  procedure  (PI)  (dim) 
(L0073) 

Input  flag  to  specify  hunt  procedure  (P2).  (dim) 

If  P^  =  0,  by-pass  hunt  procedure  2; 

P^  =  1,  use  a  linear  response;  Jp^j  =  2, 
use  a  quadratic  response  surface  where  +2 
maximizes  and  -2  minimizes;  JpJ  =  3,  use 
an  incomplete  quadratic  response  surfa,ce 
where  +3  maximizes  and  -3  minimizes. 

(L0084) 


f^gjgip  ?’ ' 


vSa&pe&tfi; 


q»  Q 


Symbol 


Definition 


Units 


q  a 

q 


qa 


max 


maxj 


q  - 

nun 


qtt' 

q(Bl) 

q(BZ) 

q(B3) 

q(B4) 

Qb 

\ 

Qbo 

Qm 


Output  dynamic  pressure  at  maximum  qa 
during  the  TVC  duty  cycle  stage 

Output  product  of  the  maximum  absolute 
value  of  the  dynamic  pressure-angle  of 
attack  for  the  TVC  design  stage 

Missile  dynamic  pressure  (1.5070) 

Input  maximum  allowable  dynamic 
pressure  of  the  j-th  type  of  TMC 
(L807,  817,  etc) 

Input  minimum  allowable  dynamic  pressure 
of  the  j-th  type  of  TMC  (L0808,  818,  etc) 

Product  of  total  angle  of  attack  and 
dynamic  pressure  (L5110) 

Missile  dynamic  pressure  at  the  termina¬ 
tion.  of  stage  I  (L.5912) 

Missile  dynamic  press-  re  at  the  termina¬ 
tion  of  stage  II  (JL5937, 

Missile  dynamic  pre.'  si  —  at  the  termina¬ 
tion  of  stage  HI  (L.5962/ 

Missile  dynamic  pressure  at  the  termina¬ 
tion  of  stage  IV  (L5987) 


(lb/ft) 


(Ib-deg/ft  ) 


(lb/ft  ) 
(lb/ft2) 


(lb/ft?) 


(lb/ deg/ ft  ) 


(lb/ft2) 


(lb/ft2) 


(lb/ft2) 


(lb/ft2) 


Instantaneous  vehicle  angular  pitch  velocity,  (deg/sec) 
Pitch  up  is  positive  (L5707) 

2 

Instantaneous  vehicle  angular  pitch  (deg/sec  ) 

acceleration.  Pitch  up  positive  (1^5757) 

Input  initial  vehicle  pitch  rate  (L0031)  (deg/sec) 

Instantaneous  desired  pitch  turning  rate  (deg/sec) 
(L.54Q1) 
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M  ** 


^qg^flcaaraort  t^-ap<^riwj^a'a?»*<y^ 


Symbol 

Q  . 

ny 


Q 


mo 


q.  Q 


Definition  Units 

Input  vehicle  pitch  turning  ra\e.  Positive  { deg/sec) 
if  the  vehicle  is  intended  to  pitch  up 
(Ty=l)  'L0313,  320,  etc) 

Input  initial  command  pitch  attitude  (deg) 

(L0G28) 


El 


3 

d 


■i 

3 


.  i 

n 


y 

y 


•■'l 
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-Of 

a 


kJ 


r,  R 


Symbol 

Definition 

Units 

r 

a 

Distance  between  the  center  of  the 
reference  body  and  apogee  during  the 
glide  phase 

(ft) 

rb 

Propellant  burn  rate  (L5783) 

(m/sec) 

rbl000 

Input^burning  rate  of  propellant  at  1,000 
lb/in  chamber  pressure  and  flag  to 
determine  evaluation  option  (Lk002) 

(in/sec) 

r 

c 

Instantaneous  distance  between  the  center 
of  the  reference  body  and  the  missile 
(L5035) 

(ft) 

r* 

c 

Value  of  r  at  the  beginning  of  the  glide 
phase 

(ft) 

r 

CO 

Initial  missile  radius  from  center  of 
earth 

(ft) 

r 

e 

Radius  of  the  earth 

(ft) 

r* 

e 

Input  geometric  radius  of  the  earth.  If 
input  zero,  set  equal  to  20,  926, 400 
(L0326) 

(ft) 

T{ 

Radial  distance  at  the  termination  of  the 
glide  phase 

(ft) 

rP 

Distance  between  the  center  of  the 
reference  body  and  perigee  during  the 
glide  phase 

(ft) 

rRi 

Input  distance  from  the  vehicle  center- 
line  to  the  i-th  raceway  center  of  pressure, 
i  =  1,  2  (Lkb6S,  671) 

(in) 

R 

Altitude  associated  geopotential  earth 
radius  used  in  atmosphere  model 

(.ft) 

R* 

Universal  gas  constant 

(joules/ 

kilogram 

Rb 

Instantaneous  vehicle  angular  yaw 
velocity.  Yaw  right  is  positive  (L5708) 

(deg/ sec) 
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r,  R 


Symbol 


R 

m 

P'MI 


Definition  Units 

2 

Instantaneous  vehicle  angular  yaw  (deg/sec  ) 

acceleration.  Yaw  right  positive  (L5758) 

Input  initial  vehicle  yaw  rate  (L0Q32)  (deg/sec) 

Input  radius  of  cluster  for  the  k-th  stage  (ft) 

(Lk382) 

Instantaneous  desired  yaw  turning  rate  (deg /sec) 

(L.5402) 

Estimated  range  to  target  intercept  (ft) 

(L5400) 


R  . 
mj 

rmt 

rmt 

rpfv 

RR 

RUN 


Input  vehicle  yaw  turning  rate  positive  if 
the  vehicle  is  intended  to  turn  right 
(Ty=i)  (L.0314,  321,  etc) 

(deg/sec) 

Missile  to  target  range  distance  (L.543?) 

(ft) 

Time  rate  change  of  missile  to  target 
distance  (L5438) 

(ft  /  sec) 

Output  ratio  of  motor  chamber  pressure  to 
vacuum  thrust  of  the  main  thrust  '_ble  of 
the  TVC  design  stage 

(1/in?) 

Input  reference  run  number  (L00Q1) 

(dim) 

Input  run  number  (L0002) 

(dim) 
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s,  s 


Symbol 

Definition 

Units 

S 

Missile  ground  range.  Distance  along  the 
surface  of  the  earth  measured  clockwise 
from  the  launch  vertical  to  the  local 
vertical  down  range  (L5018) 

(ft) 

• 

s 

Time  rate  change  of  missile  down  range 
(L5019) 

(ft/ sec) 

s 

a 

Total  missile  ground  range  at  flight 
apogee  (L5022) 

(nm) 

S 

c 

Missile  cross  ground  range.  Distance 
along  the  surface  of  the  earth  measured 
clockwise  from  launch  azimuth 
(L.5G28) 

(ft) 

• 

S 

c 

Time  rate  change  of  missile  cross 
range  (L5021) 

(ft/sec) 

SCMI 

Estimated  earth  surface  cioss  range  at 
target  intercept  (L.5443) 

(ft) 

S 

CO 

Input  initial  earth  surface  cross-range 
at  trajectory  start  time  (L.0043) 

(nm) 

SE 

Total  missile  ground  range  to  atmospheric 
entry  (L5023) 

(nm) 

S£ 

Total  missile  ground  range  at  the  termina¬ 
tion  of  the  glide  phase  (L5024) 

(nm) 

SFz 

Input  aerodynamic  pitch  fin  lift  and  drag 
coefficient  reference  area  (Lk?00) 

(f tZ) 

S«B!) 

T."  *1  missile  ground  range  at  the  ter¬ 
mination  of  the  glide  phase  if  the  powered 
flight  were  to  end  at  the  termination  of 
stage  I  (L.5905) 

(nm) 

S£(B2) 

Total  missile  ground  range  at  the  ter¬ 
mination  of  the  glide  phase  of  the  powered 
flignt  were  to  end  at  the  termination  of 
stage  II  (L5930) 

(nm) 
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Symbol 

Definition 

Units 

Sf(B3) 

Total  missile  ground  range  at  the  ter¬ 
mination  of  the  glide  phase  >(  the  powered 
flight  were  to  end  at  the  termination  of 
stage  III  (L5955) 

(nm) 

Sf(B4) 

Total  missile  ground  range  at  the  ter¬ 
mination  of  the  glide  phase  if  the  powered 
flight  were  to  end  at  the  termination 
stage  IV  (L5980) 

(nm) 

SMI 

Estimated  earth  surface  down  range  at 
target  intercept  (L5441) 

(ft) 

SPF 

Input  missile  platform  area  used  in  cal¬ 
culating  tumbling  aerodynamic  axial  force 
coefficients  (Lk2i8) 

(ft2) 

s?,c 

Input  aerodynamic  chord  force  coefficient 
reference  areas  (Lkl&5> 

(ft2) 

SRN 

Input  aerodynamic  normal  force  coefricient 
reference  area  (Lk220) 

(ft2) 

^RRi 

Input  reference  area  of  the  i-th  raceway, 
i  =  1,  2  (Lk667,  670) 

(ft2) 

S 

s 

Missile  slant  ground  range.  Distance 
along  earth  surface  from  the  launch 
vertical  to  the  local  vertical  slantwise 
(L5025) 

(ft) 

Ssh 

Input  target  range  or  orbital  altitude 
( LC599) 

(nm) 

3ST , 

Start  time  stage  II  (L6006) 

(sec) 

sst3 

Sta-.:  '  time  stage  ID  (L500?) 

( sec) 

SST. 

4 

Start  time  stage  IV  (L500L) 

(sec) 

ST 

Target  down  range  'L5731) 

(ft) 

STC 

Target  cross  range  (L5732) 

(ft) 

STCO 

Input  initial  target  position  cross  range 
(Ln^7, 

(nm) 

y 


s,  S 


Symbol 

Definition 

Unit 

STO 

Input  initial  target  position  down  range 
(L0636) 

(nm) 

S 

Input  initial  or  restar,  special  print  flag 

(dim) 

y 

(L0008) 

s 

o 

Input  missile  ground  range  at  the  trajectory  (ft) 
start  time  (L0013) 

Target  down  range  rate  (L5781) 

(i't/sec) 

*tc 

Target  cross  range  rate  (L5782) 

(ft/sec) 
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<.x 


Symbol 


Ba 

fcB 


B2 


B3 


B4 


Bf 


f(Bl> 


t,  T 


Definition  Units 


Instantaneous  time  (L5000)  (sec; 

Total  flight  time  to  the  glide  phase  apogee  (sec) 
altitude  (L5012) 

Output  TVC  duty  cycle  stage  time  (sec) 

Time  from  the  current  stage  initiation  (sec) 

(L5001) 

Time  from  stage  II  initiation  zero  if  (sec) 

I-  II  staging  has  not  occurred  (L5002) 

Tim6  from  stage  III  initiation  zero  if  (sec) 

II- III  staging  has  not  occurred  (L5003) 

Time  from  stage  IV  initiation  zero  if  (sec) 

III- IV  staging  has  not  occurred  (L5004) 

Trajectory  burnout  time  for  the  stage  (sec) 

below  (L5009) 

Output  stage  time  which  TVC  duty  points  (sec) 
occur 

Input  limit  of  the  computing  interval  4t(;j  (sec) 
where j  =  1,  2,  8  (L0I69,  171,  etc) 

Input  complementary  thrust-weight  (sec) 

switching  time  from  stage  initiation  where 
j  =  1,  2,  3,  ...»  25  per  stage  (Lklli,  114, 
etc) 

Total  flight  time  to  atmospheric  entry  (sec) 

(1,5013) 

Total  flight  time  to  the  termination  of  the  (sec) 
glide  phase  (L.5014) 

Total  flight  time  to  the  termination  of  the  (sec) 
glide  phase  if  the  powered  flight  were  to  end 
at  the  termination  of  stage  I  (L-5916) 


■•'4 
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t,  T 


Symbol 

Definition 

Units 

fcf<B2) 

Total  fligi  -  .r  the  termination  of  the 

glide  phase  1*.  J.e  powered  flight  were  to  end 
at  the  termination  of  stage  II  (L.5941) 

(sec) 

'{(Bl) 

Total  flight  time  to  the  termination  of  the 
glide  phase  if  the  powered  flight  were  to  end 
at  the  termination  of  stage  III  (L5966) 

(sec) 

^(34) 

Total  flight  time  to  the  termination  of  the 
glide  phase  if  the  powered  flight  were  to  end 
at  the  termination  of  stage  IV  (L5991) 

(sec) 

fck 

Stage  start  time  (L5005) 

(sec) 

Input  sthrt  time  with  the  initial  stage  K 
(L0005)  k 

(sec) 

tMI 

Estimate'-’  time  to  intercept  (JL5439) 

(ft) 

*Mj 

Input  main  thrust-weight  switching  time  from 
stage  initiation  where  j  =  2,  3,  . . . ,  or  25  per 
stage  (Lk023,  026,  etc) 

(sec) 

t  . 

PJ 

Input  limit  of  the  main  Printline  print  interval 
where  j  =  1,  2,  8  (L0185,  187,  etc) 

(sec) 

fcPJ 

Input  limit  of  the  auxiliary  Printline  pr  nt 
interval  where  j  =  1,  2,  ...,  11  (L0221,  223, 
etc) 

(sec) 

t  , 
qa 

Output  TYC  duty  cycle  stage  time  at  maximum 
qcr' 

(sec) 

fcRi 

Input  operating  time  from  stage  initiation  of 
the  roll  control  function  for  the  i-th  zone, 
i  =  2,  3  (Lk647,  667) 

(sec) 

Time  from  target  maneuvering  initiation 
(L5010) 

(sec) 

tTj 

Input  target  time  terminating  the  j-th  target 
acceleration  value  of  dynamical  condition 
i^ble  (L0640,  644,  etc) 

(sec) 
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t,  T 


Symbol 

Definition 

Units 

fcTS 

Target  start  time  (L5011) 

(sec) 

tVPj 

Input  time  value  for  specific  velocity  -  time 
profile  used  in  Fy=l  TMC  j  =  1,  2,  ...»  15 
(L0S70,  872,  etc) 

(sec) 

t*)P 

Output  stage  time  at  which  maximum  magnitude 
pitch  thrust  vector  deflection  angle  occurs  during 
the  TVC  design  stage  (<5pmax) 

(sec) 

t 

o 

Input  trajectory  start  time  (JL0004) 

(sec) 

T 

Bj 

Input  staging  values  flag,  j  =  1,  2,  5 

(L0270,  272,  etc) 

(dim) 

T  . 
mj 

Input  maximum  print  region  flag  (L0260,  262, 
etc) 

(dim) 

T 

Tj 

Input  transformation  flag  used  in  hunting 
procedure  (P2)  j  =  1,  2,  ....  7  (L0098,  107, 
etc) 

(dim) 

TMC. 

J 

Input  thrust  dynamic  mode  of  the  j-th  type 

TMC  (L.0803,  813,  etc) 

(dim) 

T 

M 

Instantaneous  molecular  scale  temperature 

(°K) 

T  T 

MB,  MBj 

Base  molecular  scale  temper* -ure  and  tabular 
values  associated  with  the  atmosphere 
representation 

(°K) 

T 

Tj 

Input  transformation  flag  used  in  hunting 
procedure  (P2)  j  =  i,  2,  7  (L0098,  107, 

....  152) 

(dim) 

T 

V 

Type  of  flight 

(dim) 

T' 

yk 

Input  initial  or  restart  type  of  flight  control 
flag  (L0006) 

(dim) 

T  . 

yj 

Input  and  output  type  of  flight  control  flag 
where  j  =1,  2,  or  16  (L0310,  317  etc) 

(dim) 
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u,  U 


Definition 


Units 


Elements  (j  =  1,  2,  . . . ,  5)  of  the  vector  (dbi) 

containing  the  numeric  value  of  the  independent 
variables  used  in  the  generation  of  steering 
coefficients 

Matrix  containing  specified  elements  Uj  for  (dbi) 

use  in  the  steering  equation  coefficient  acquisition 

A  vector  containing  specified  elements  u.  for  (dbi) 
use  in  the  steering  equation  coefficient  ^ 
acquisition 

Output  pitch  aerodynamic  control  fin  center  of  (dim) 
pressure  as  a  ratio  of  fin  chord  length  (L5568) 

Input  pitch  aerodynamic  control  fin  center  of  (dim) 

pressure  as  a  ratio  of  fin  chord  length  (Lk7l5, 

Lk721) 


(dbi) 


(dim) 


(dim) 


A  vector  which  contains  a  scaled  version  of  the  (dim) 
steering  equation  steering  coefficients 

Elements  of  the  ju  J  vector  which  are  the  scaled  (dim) 
version  of  the  steering  equation  steering  coefficients 
i  =  1,  2,  3,  or  4 

Mean  of  the  regressed  least  squares  fit  for  use  (dim) 
in  the  steering  equation  coefficient  acquisition 


Input  pitch  movable  control  fin  hinge  axis  to  the 
leading  fin  base  rcot  location  distance  to  the 
pitch  fin  base  root  length  ratio  (Lk702) 


(dim) 
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v,  V 


Symbol 


Definition 


v 

w 

• 

V 

w 


Wj 


V 

a 


V 

e 

• 

V 

e 

• 

V 

ecq 


V 

I(B1) 

V 

*(B2) 


Input  target  initial  velocity  at  start  of 
start  of  target  maneuvering  (L0632) 

Instantaneous  wind  speed  change  (L.5056) 

Instantaneous  wind  speed  time  rate  change 
(L5057) 

Input  (with  altitude  h)  wind  speeds  where 
j  =  1,  2,  30  (L0411,  414,  etc) 

Missile  velocity  with  respect  to  air  (L5049) 

Velocity  with  respect  to  the  ambient  air 
at  entry  (L5058) 

Target  transverse  velocity  (L5727) 

Chamber  volume  (L.5078) 

Missile  earth  referenced  velocity  (L5046) 

Time  rate  change  of  missile  earth  reference 
velocity  (L.5Q47) 

Command  acceleration  to  constrain  dynamic 
pressure  used  in  the  TMC  command  logic 
(L5062) 

Earth  fixed  velocity  at  stages  (L.5048) 

Input  missile  velocity  at  the  trajectory  start 
time  (L.0010) 

Missile  intertial  velocity  (L5050) 

Missile  inertial  velocity  at  apogee  if  powered 
flight  ends  at  the  time  being  printed  (L5041) 

Missile  inertial  velocity  at  the  termination  of 
stage  I  (L5901) 

Missile  inertial  velocity  at  the  termination  of 
stage  II  (L5926. 


Units 

(ft/sec) 

(ft/s  ec) 
(ft/ sec) 

(ft/ sec’/ 

(ft/ sec) 
(ft/ sec) 

(ft/sec) 

(in?) 

(it/ sec) 
(ft/sec^) 

(ft/sec.^*) 

(ft/ sec) 
(ft/sec) 

(ft/sec) 
(ft/ sec) 

(ft/sec) 

(ft/ sec) 
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v,  V 


Symbol 


Definition 


Units 


V 

I(B3) 


Missile  inertial  velocity  at  the  termination 
of  stage  III  (L5951) 


V 

I(B4) 


Missile  inertial  velocity  at  the  termination 
of  stage  IV  (L5976) 


(ft/sec) 

(ft/sec) 


Inertial  velocity  at  entry  conditions  (L5059)  (ft/sec) 

Missile  inertial  velocity  at  apogee  and  impact  (ft/sec) 
of  intercept,  respectively,  if  powered  flight 
and  the  atmosphere  end  at  the  time  being 
printed  (L5042) 


VIf{Bl) 


VK(B2) 


^U(B3) 


Missile  inertial  velocity  at  the  termination  of  (ft/see) 
the  glide  pha.se  if  the  powered  flight  were  to 
end  at  the  termin  in  of  stage  I  (L5918) 

Missile  inertial  velocity  at  the  termination  of  (ft/sec) 
the  glide  phase  if  the  powered  flight  were  to  end 
at  the  termination  of  stage  II  (L5945) 

Missile  inertial  velocity  at  the  termination  of  (ft/sec) 
the  glide  phase  if  the  powered  flight  were  to 
end  at  the  termination  of  stage  III  (L5968) 


VJf{B4) 


Missile  inertial  velocity  at  the  termination  (ft/sec) 

of  the  glide  phase  if  the  pov  -ed  flight  were  to 
end  at  the  termination  of  stage  IV  (L5993) 


V^  Target  normal  velocity  (L5726) 

V^,  Target  tangential  velocity  (L5725) 


(ft/sec) 
(ft/ sec) 


V  Input  earth  reference  velocity  for  the  specific 

“  J  velocity  -  time  profile  used  in  Fy=l,  TMC  j  =  1, 

2,  15  (L.0871,  873,  etc) 


V 

XXX 


Command  velocity  used  in  the  TMC  command 

^gic.  V  if  Fy  =  1,  V  if  Fy  =  4  (1.5060) 
ecv  ecm 


V  Command  acceleration  vised  in  the  TMC  command 

x'?w'  logic.  V  if  Fy  -  1,  V ccm  if  Fy  =  2,  and  zero 

i"  Fy  =  iS  Fy  =  2  (L5061) 


(ft  /  sec) 


(ft/sec^) 

(ft/sec^) 
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Definition 


Units 


Target  transverse  acceleration  (L5777) 
Target  normal  acceleration  (L5776) 
Target  tangential  acceleration  (L5775) 


(ft/sec) 
(ft/ sec) 
(ft/sec) 


Definition 


Units 


W  . 
exi 


Total  instantaneous  missile  weight  (L.5093)  (lb) 

Total  expended  instantaneous  missile  mass  (ib/sec) 

flow  weight  (L5094) 

Input  stage  weight  multiplier.  If  input  zero,  (dim) 

is  set  internally  to  one  and  if  nonzero,  he 
input  weight  used  in  the  mass  properties  table 
Wj  (j  =  1,  Z,  ....  15)  is  multiplied  by  W  (Lk478) 

Instantaneous  total  motor  weight  flow  (lb/sec) 

Instantaneous  gross  vehicle  weight  minus  the  Qb) 

useful  load  (L5095) 

Total  missile  weight  at  the  termination  of  (lb) 

stage  I  (L5904) 

Total  instantaneous  mi^siie  weight  at  the  (lb) 

termination  of  stage  II  (L5929) 

Total  instantaneous  missile  weight  at  the  (lb) 

termination  of  stage  III  (L5954) 

Total  instantaneous  missile  weight  at  the  (lb) 

termination  of  stage  IV  (L5979) 

Total  instantaneous  expenuea  complementary  (lb) 

weight  (L5099) 

Total  instantaneous  expended  complementary  (lb/sec) 

weight  flow  rate  (L51Q0) 

Total  complementary  weight  flow  at  t  (lb/sec) 

Input  comp  entary  weight  flow  at  (lb/sec) 

where  j  =  1,  Z,  ...»  25  per  stage 
(Lkll3,  116,  etc) 

Input  initial  complementary  weight  for  the  k-th  (lb) 
stage  (Lkl05) 

Input  estimated  weight  of  the  TVC  system  expend  (lb) 
weight  during  the  TVC  design  stage  during  the 
original  vehicle  flight  (L0678) 


w  ,  W 


Symbol 
W, 


JT 


WJTj 


W. 

J 


W 


kdc 


W 


M 


W 


M 


W... 

Mj 


❖ 

W.,, 

Mj 


W 


MO 


W 


MP 


W 


n 


W 


PL 


W 


pr 


W 


R 


R 


Definition 


Total  weight  jettisoned  (L5096) 


Input  weight  to  be  jetlisored  whencr.  parametv.- 
had  K.  'r.iue  (L0049,  52,  etc)  ^ 

Input  vehicle  weight  to  relate  the  input  moment 
cf  inertia  values  j  =  1,  2,  ....  15  per  stage 
(Lk488-498) 


Output  main  motor  stage  weight  for  the  design 
stage 


Total  instantaneous  expended  main  weight 
(L5097) 


Total  instantaneous  expended  main  weight 
flow  rate  (L5098) 


Input  main  weight  flow  at  t^j  where  j  =  J,  2, 
25  per  s-.age  (Lk022,  025,  etc) 


Total  instantaneous  main  weight  flow  at  t 


where  j  =  1,  2,  . . or  25 


Mj 


Input  initial  main  weight  for  the  k-th  stage 
(Lk006) 


Mass  flow  rate  of  gases  thru  pintle  nozzle 
throat  (L5786) 


Input  stage  mo%'able  portion  nozzle  weight 
(Lk482) 


Input  payload  weight  (L0020) 


Weight  of  propellant  removed.  Used  in  TMC 
logic  (L5736) 


Output  motor  weight  flow  (W)  at  t  the  TVC 

Sq 

duty  cycle  point 


Instantaneous  expended  weight  due  to  roll 
control  motor  operation  (L5720) 


Roll  control  system  mass  flow  rate  (L5770) 


Units 


(lb) 

(lb) 


(lb) 


(lb) 

(lb) 

(lb /sec) 
(lb/sec) 
(lb/sec) 
(lb) 

(lb/sec) 

(lb) 


(lb) 


(lb) 


(lb/sec) 

(lb) 

(lb/scc) 


) 
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w,  W 


%  ja 


Symbol 


Definition 


Units 


ws 

Stage  weight  (L5101) 

(lb) 

wsc 

Initial  weight  of  complementing  motor  (L5103) 

(lb) 

WSM 

Initial  weight  of  main  motor  (L5102) 

(lb) 

WTVC 

Input  and  output  estimated  TVC  system  fixed 
weight.  Used  in  TVC  design  stage  for  the 
refly  option  (1/0677) 

(lb) 

Wol 

Input  stage  I  liftoff  weight  used  in  r  oil  control 
requirements  (L067fc) 

(lb) 

w 

O 

Output  TVC  duty  cycle  stage  liftoff  weight  used 
in  the  roll  control  requirements 

(lb) 

i 

>*.  J 


x,  X 


Definition 


Units 


X  component  of  missile  velocity  with  respect  (ft/sec) 
to  the  ambient  air  in  the  b  system  (L5507) 

2 

x  component  of  missile  acceleration  with  (ft/s ec  ) 

respect  to  ambient  air  in  the  b  system  (L5510) 

Inertial  component  of  missile  velocity  along 
x^  axis  (L5537) 

Missile  acceleration  along  vehicle  body  axes, 
position  forward  (L5540) 

E=trth  centered  missile  position  northern 
axis  component  (L5513) 

Northern  component  of  missile  velocity  in 
earth  centered  coordinates  (L5516) 

Northern  component  of  missile  acceleration 
in  earth  centered  coordinates  (L5519) 

Instantaneous  center-of-gravity  body  station 
numbers  (L5584) 

Input  instantaneous  (\  ith  total  vehicle  weight, 

Wj)  center-of-gravity  body  station  numbers, 
respectively,  where  j  =  1,  2,  ...»  15  per 
stage  (Lk489,  499,  etc) 

Output  vehicle  center-of-gravity  at  t  ;  the 

Sq 

TVC  duty  cycle  point 

Input  and  instantaneous  (with  Mach  number  M) 
aerodynamic  normal  force  center  of  pressure 
body  station  numbers,  respectively,  where 
j  =  1,  2,  ...,  15  per  stage  respectively  (L5583) 

Input  and  output  instantaneous  (with  Mach  (dbi  &  ft) 

number  M)  aerodynamic  normal  force  center 
of  pressure  body  station  numbers,  respectively, 
where  j  =1,  2,  ...,  15  per  stage  (Lk227,  232,  etc) 

Input  stage  thrust  gimbal  body  station  numbers,  (ft) 
also  output  for  the  TVC  duty  cycle  (Lk431) 


(ft/sec) 
(ft/ sec2) 
(ft) 

(ft/sec) 

(ft/sec2) 

(ft) 

(dbi  &  ft) 

(ft) 

(ft  &  dbi) 
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X 


Symbol 


Definition 


Units 


X 

gg 


X 

gg 


•  • 

X 

gg 


^z 


x. . 
U 


X. 

J 


X 

n 

Xn£ 

XPa 

XPa 


Input  and  computed  stage  nozzle  exit  body  (ft) 

station  (Lk41?) 

Instantaneous  component  of  vehicle  position  (ft) 
in  the  generalized  coordinates  down  range 
from  launcher  (L5522) 

Instantaneous  component  of  vehicle  velocity  (ft/sec) 
in  the  generalized  coordinates  down  range 
from  launcher  (L5525) 

2 

Instantaneous  component  of  vehicle  accelera-  (ft/ sec  ) 
tion  in  the  generalized  coordinates  down  range 
from  launcher  (L5528) 

Input  missile  body  station  of  the  pitch  fin  (ft) 

hinge  axis  (Lk701) 

Input  initial  array  reference  independent  (dbi) 


variable  designated  by  code  input  that  is 
used  in  hunting  procedure  (P2)  (L0092,  101, 
etc) 


Independent  variable  designated  by  code  input  (dbi) 
that  is  varied  during  hunting  procedure  (P2) 
where  j  =  1,  2,  . . or  7 

Input  lower  limit  that  an  independent  variable  (dbi) 
may  assume  a  value  in  hunt  procedure  (F2) 
where  j  =  1,  2,  ....  7  (L0161-167) 

Input  stage  movable  portion  oi  nozzle  center-  (dbi) 
of-gravity  body  station  (Lk4S4) 

Input  body  station  of  nozzle  flange.  Use  1  in  (ft) 
the  TVC  design  program  (L0680) 

Computed  stage  aft  end  propellant  grain  body  (ft) 
station  (L.5588) 

Input  stage  aft  end  of  propellant  grain  body  (ft) 

station  (Lk418) 
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S^-f  r  ^A^x5^s,*%p£^H 


x,  X 


Symbol 

XPc 

X  r 

P* 

I 


X. 


Pf 


RQ 


x 


i* 

Rot 


*Uj 


wee 


wll 


wll 


%11 


V11 


111 


cco 


Definition  Unitj 

Input  missile  body  station  of  the  centroid  of  (ft) 
the  platform  area  (Lk219) 

Computed  stage  forward  end  of  propellant  (ft) 

grain  body  station  (L5587) 

Input  stage  forward  end  of  propellant  grain  (ft) 

body  station  (Lk417) 

Input  and  calculated  pitch  damping  moment  (dbi  &  ft) 

due  to  pitch  rate  reference  moment  point 
body  station  (Lk302) 

Input  and  calculated  pitch  damping  moment  (dbi  &  ft) 

due  to  rate  change  of  angle  of  attack  reference 
moment  point  body  station  (Lk304) 

Input  upper  limit  that  an  independent  variable  (dbi) 
may  assume  a  value  used  in  hunt  procedure 
(P2)  where  j=  1,  2,  7  (L0154-160) 

Transformed  launcher  northerly  component  (ft/sec) 
of  wind  velocity  at  missile  location  (L5549) 

Local  northerly  component  of  wind  velocity  (ft/sec) 

(L5531) 

Local  time  rate  change  of  northern  component  (ft/sec) 
of  wind  velocity  (L5534) 

Local  northerly  component  of  missile  velocity  (ft/sec) 
(L5534) 

2 

Local  northerly  component  of  missile  (ft/sec  ) 

acceleration  (L5546) 

Local  northerly  component  of  missile  (ft/sec) 

inertial  velocity  (L5552) 

Output  independent  variable  designated  by  (dbi) 

code  input  that  is  varied  during  the  hunting 
procedure  (PI) 

Initial  earth  centered  missile  northern  axis  (ft) 
component 


XJ 
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X,  X 


Symbol 


Definition 


Units 


Input  stage  center-of-gravity  position  (dbi) 

.multiplier  (Lk479) 

Input  stage  aerodynamic  normal  force  (dbi) 

center  of  pressure  multiplier  (L>k222) 

Input  stage  thrust  gimbal  position  multiplier  (dbi) 
(Lk430) 

Instantaneous  components  of  vehicle  velocity,  (ft/sec) 
north  of  the  launcher  (L5701) 

Instantaneous  component  of  vehicle  position  (ft) 

north  of  launcher  (L5704) 

2 

Instantaneous  northerly  component  of  vehicle-  (ft/sec  ) 
acceleration  at  launcher  (L5751) 

Northern  component  along  launcher  of  (ft) 

missile  position 

Initial  component  of  vehicle  position  (ft) 

north  of  launcher 

Initial  component  of  vehicle  velocity  north  (ft/ sec) 

of  launcher 

Input  value  of  the  first  guess  of  X  used  in  (dbi) 

hunting  procedure  (L0080) 

Output  independent  variable  used  in  hunting  (dbi) 

procedure  (P2)  where  j  =  1,  2,  or  7 

Computed  value  of  X  during  the  hunting  (dbi) 

procedure  (PI)  where  j  =  1,  2,  4 
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Definition 


Units 


Symbol 

Xabb 


*abb 


Yb 


cc 


Y 


cc 


ycg 


Y  component  of  the  missile  velocity 
with  respect  to  the  ambient  air  in 
the  b  system 
(L5508) 

y  component  of  missile  acceleration 
with  respect  to  the  ambient  air  in  the 
b  system 
(L5511) 

Inertial  component  of  missile  velocity 
along  yb  axis 
(L5538) 

Inertial  component  of  missile  accelera¬ 
tion  yb  axes 
(L5541) 

Earth  centered  missile  position  east 
from  launcher 
(L5514) 

East  from  launcher  component  of 
missile  velocity  in  earth  centered 
coordinate 
(L5517) 

East  from  launcher  compone  «it  of 
missile  acceleration  in  earth  centered 
coordinates 
(L5520) 

Center-of-gravity  offset  bias  distance 
positive  in  the  Zb  direction 
(L5535) 

Input  center-of-gravity  offset  bias 
distance  in  yaw,  positive  to  the  right 
(Lk481) 


{ft/ sec) 

(ft/ sec) 

(ft/ sec) 

(ft  /  sec) 

(ft) 

(ft/ sec) 

(ft/ sec  ^) 

(ft) 

(dbi) 


Symbol 


Units 


hJL 


Definition 


y 

7cgj 


ye 


y’e 


V 

~gg 


gg 


yi 


yLi 


Input  instantaneous  'with  tutal  vehicle  (dbi  and  ft) 

weight,  V/)  center  of  gravity  butt  line 
number,  where  j  =  1,  2,  15  per  stage 

(Lk493,  503,  etc) 

Thrust  gimbal  yaw  point  eccentricity  (ft) 

position  in  the  axis  direction 

(L5589) 

Input  stage  thrust  gimbal  yaw  eccentri-  (ft) 

cities.  Positive  in  the  Y^  axis  direction 
(Lk432) 

Instantaneous  component  of  vehicle  (ft) 

position  in  the  generalized  coordinates 
cross  range  from  launcher 
CL5523) 

Instantaneous  component  of  vehicle  (ft/ sec) 

velocity  in  the  generalized  coordinates 
crosswise  from  launcher 
(L5526) 

2 

Instantaneous  component  of  vehicle  accelera-  (ft/ sec  ) 
tion  in  the  generalized  coordinates  cross¬ 
wise  from  launcher 
(L5529) 

Dependent  variable  used  in  hunting  procedure  (dbi) 

(P2)  where  j  =  1,  2,  ....  or  7 

Input  desired  dependent  variable  or  lower  (dbi) 
constraint  boundary  of  the  dependent 
variable  designated  by  code  input  that  is 
used  in  hunting  procedure  (P2)  where  j  = 

1,  2,  .  •  r  ,  7 

(L0095,  104,  etc) 


Symbol 


Ywll 


Definition 

Input  upper  constraint  boundary  of  the 
dependent  variable  designated  by  code 
input  that  is  used  in  hunting  procedure 
(P  2)  where  j  -  1,  2.  ...»  7 
(L0096,  105,  etc) 

Transformed  launcher  easterly  com¬ 
ponent  of  wind  velocity  at  missile 
location 
CL5550) 

Local  easterly  component  of  wind 
velocity 
(L5532) 

Local  time  rate  change  of  easterly 
component  of  wind  velocity 
(L5535) 

Local  easterly  component  of  missile 
velocity 
(L5544) 

Local  easterly  component  of  missile 
acceleration 
(L5547) 

Local  easterly  component  of  missile 
inertial  velocity 
(L5553)  : 

Initial  earth  centered' missile  position 
east  from  launcher 

Instantaneous  component  of  vehicle 
position  east  of.  launcher 
(L5705) 


Units 


(dbi) 


(ft/ sec) 


(ft/ sec) 


(ft /sec2) 


(ft/ sec) 


(ft/ sec  ) 


(ft/ sec) 


Y.yT 

!'  -j 

Kl 

2 

S  ^ 
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Symbol 

Definition 

Units 

*ee 

Instantaneous  components  vehicle 

velocity,  east  of  the  launcher 

OL5703) 

(ft/ sec) 

•  « 

Y  ee 

Instantaneous  easternly  component  of 
vehicle  acceleration  at  launcher 
<L5752) 

(ft/ sec^l 

Y* 

ee 

Eastern  component  along  launcher  of 
missile  position 

(ft) 

Y 

-eeo 

Initial  component  of  vehicle  position 
east  of'iauncher 

(ft) 

Y 

xeeo 

Initial  component  of  vehicle  velocities 
east  of  launcher 

(ft) 

U7 


Symbol 


z,  Z 


Definition 


Input  dependent  variable  to  be  maxi¬ 
mized  or  minimized  designated  by  code 
input  used  in  the  hunting  .procedure  (P2) 


Unit- 


(dbi) 


Center-of-gravity  offset  bias  distance, 
positive  down 
(L5586) 


(dbi) 


Input  center-of-gravity  offset  bias  distance,  (dbi) 
in  pitch,  positive  down 
(Lk480) 


Input  instantaneous^with  total  vehicle 
weight,  Wj)  center-of-gravity  offsets, 
respectively,  where  j  =  1,  2,  .  ..,15  per 
stage.  Positive  in  the  axis  direction 
(Lk49 1,  501,  etc) 


(dbi  and  ft) 


^bb 


^  abb 


Thrust  gimbal  pitch  point  position  in  the  (ft) 
axis  direction 
(L5590) 

Input  stage  thrust  gimbal  pitch  point  (dbi  and  ft) 

eccentricities,  respectively.  Positive  in 
the  Zb  axis  direction 
(Lk433) 

z  component  of  missile  velocity  with  (ft/sec) 

respect  to  the  ambient  air  in  the  b  system  - 
(L5509) 

z  component  of  missile  acceleration  with  (ft/sec2! 
respect  to  the  ambient  air  in  the  b  system 
(L5512) 

Inertial  component  of  missile  velocity  alocrg  {fi/aec) 

Zb  axis 
(L5539) 


(ft/ sec) 


(ft/sec2) 


Symbol 

•  * 

Zb 


z 


cc 


Z 


cco 


Z 


ee 


Definition  Units 


2 

Inertial  components  of  missile  accelera-  (ft/sec  ) 
tion  along  Zb  ax*s 
(L5542) 

Output  primary  dependent  variable  which  (dbi) 
is  to  be  maximized  or  minimized  used  in 
hunting  procedure  (P 2) 

Output  secondary  or  constrained  dependent  (dbi) 
variables  which  are  used  in  hunting 
procedure  (F2),  j  =  1,  2,  ...»  7 

Earth  centered  missile  position  away  from  (ft) 
earth- axis  at'launcher  longitude 
(L5515) 

Away  from  launcher  longitude  component  (ft/sec) 


of  missile  velocity  in  earth  centered 
coordinates 
(L5518) 

Away  from  launcher  longitude  component  (ft/  see**) 
of  missile  acceleration  in  earth  centered 
coordinates 
(3L5521) 

Initial  earth-centered  missile  position  (ft) 

away  from  ear.'-h  axis  at  launcher  longitude 

Instantaneous  component  of  vehicle  position  (ft) 
negative  up  from  sea  level  launcher  latitude 
(L.5706) 

Instantaneous  component  of  vehicle  velocity  (ft/sec) 
negative  up  from  sea  level  launcher  latitude 
(L5703) 

Instantaneous  downward  component  of  :  (ft/ sec4) 

vehicle  acceleration  <,t  launcher 
(1,5753) 


- 

I 


I 


% 
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z,  Z 


Symbol 

Definition 

Units 

7*^ 

4ee 

downward  component  along  launcher  of 
missile  position 

(ft) 

-'eec 

Initial  component  of  vehicle  position 
negative  up  from  sea  level  launcher 

m 

-  • 

?eeo 

Initial  component  of  vehicle  velocity 
negative  up  from  sea  level  launcher 

(ft/ sec) 

Zgg 

Instantaneous  component  of  vehicle  positive 
vertical  from  launcher 
(L5524) 

(ft) 

:l?g 

Instantaneous  component  of  vehicle  velocity 
in. the  generalized  coordinates  vertical 
from  launcher 

05527) 

(ft/ sec) 

^gg 

Instantaneous, component  of  vehicle  accelera¬ 
tion  in  the  generalized  coordinates  vertical 
from  launcher 
(L5530) 

(ft/ sec^) 

•  “ 

Zwee 

Transformed  launcher  downward  component 
of  wind  velocity  at  missile  location 

0.5551) 

(ft/  sec) 

Zwl  1 

Lr  -al  downward  component  of  wind  velocity 
(L5533)  _• 

(ft/  sec) 

*wll 

Local  time-rate  change  of  downward 
component  of  wind  velocity 

05536); 

(ft/sec^) 

;%i: 

Local  downward  component  of  missile 
velocity 

.  '  05545)  - 

(ft/  sec) 

|  n 

Local  downward  component  o£  missile  ~ccel- 
eration  ‘ 

05548) 

(ft/ sec^j 

.  •  - :  " 
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or 

Symbol 

Definition 

Units 

0 ' 

Instantaneous  pitch  angle  of  attack;  positive  if  the 
vehicle  centerline  is  above  the  air  Velocity  vector 
(L5301) 

(deg) 

a 

Time  rate  change  of  angle  of  attack  (L5302) 

(deg/sec) 

a' 

Total  vehicle  angle  of  attack;  angle  between  the 
centerline  of  the  vehicle  and  the  missile  air  velocity 
vector;  always  positive  (L5309) 

(deg) 

a 

Still  wind  angle  of  attack  (L531Q) 

(deg) 

:a‘ 

Still  air  total  angle  of  attack  (L5305) 

(deg) 

*•-  _ 

a 

Time  rate  change  of  still  wind  angle  of  attack  (L5307) 

(deg/sec) 

a 

cj 

% 

Input  command  angle  of  attack  (L5303) 

(deg) 

Commanded  angle  of  attack 

(deg) 

y 

Input  commanded  angle  of  attack  used  in  the  constant 
angle  cf  attack  and  angle  of  side  slip  (Ty  =  2) 

(L0313,  320,  etc) 

(deg) 

“i 

Input  nozzle  half  angle  used  in  the  separated  flow 
nozzle  thrust  equation  (Lk016) 

(deg) 

aE 

Effective  pitch  angle  of  attack  used  to  compute  the 
aerodynamic  normal  force  (L5311)  - 

(deg) 

aE 

Effective  total  angle  of  attack  used  to  compute  the 
aerodynamic  normal  force  (L5304) 

(deg) 

.«?- 

Angle  of  attack  rotated  to  command  vertical 

(deg) 

ani 

Commanded  angle  of  attack  far  constant  angle  of 
attack  flight  (Ty  =  2)  (L5312) 

(deg) 

amax* 

Input  limit  ofangle  of  attack  during  the  j-th  type  of 
flight  (L0315,  322,  etc) 

(deg) 
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- 

JL 

Symbol 

Definition 

Units 

0 

Angle  of  side  slip.  Positive  if  the  vehicle  centerline 
is  left  of  the  air  velocity  vector  when  viewed  from  the 
rear  of  the  vehicle  (L5315) 

(deg) 

• 

0 

Time  rate  change  of  angle  of  side  slip  (L5316) 

(deg/sec) 

0 

Still  wind  angle  of  side  slip  (L5318) 

(deg) 

•  - 

0 

Time  rate  change  of  still  wind  angle  of  side  slip 
(L5308) 

(deg/sec) 

0' 

Still  wind  angle  of  side  slip  in  the  commanded  coordi¬ 
nate  system  used  to  evaluate  the  local  bank  angle  (L5319) 

(deg) 

Commanded  angle  of  side  slip  (L5317) 

(deg) 

% 

Input  commanded  angle  of  side  slip  used  in  the  constant 
angle  of  attack  and  angle  of  side  slip  (Ty  =  2)  (LC314, 

321,  etc) 

(deg) 

% 

Effective  yaw  angle  of  side  slip  used  to  compute  the 
aerodynamic  normal  face  (L5329) 

(deg) 

% 

Angle  of  side  slip  rotated  to  the  commanded  horizontal 

(deg) 
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Symbol 


Definition 

Input  and  output  calculated  ratio  of  specific  heats  of 
the  rocket  motor  exhaust  gases.  If  input  zero  i.  18 
is  used.  Used  in  separated  itow  nozzle  thrust 
equations  (LkOI4) 

Calculated  local  angle  of  velocity  to  be  gained  (L5335) 

Relative  azimuthal  velocity  vector  angle  in  missile- 
target  coordinates  {L5336) 


Units 


(dim) 


Relative  azimuthal  velocity  vector  angular  rate  in 
missile-target  coordinates  (L5337) 

Output  required  velocity  flight  path:angle  at  the  missile 
instantaneous  position  (L5334) 

Target  pitch  flight  path  angle  (L5728) 

Input  initial  target  flight  path  angle  at  start  of  target 
maneuvering  (L0633) 

Pitch  flight  path  angle.  Angle  between  the  earth  re¬ 
ferenced  velocity  vector  and  the  local  tangent  plane. 
Positive  away  from  the  earth  (L5321) 


Pitch  flight  path  angular  rate.  Positive  up  (L5322) 


(deg/sec) 


Pitch  flight  path  angle  with  respect  to  the  ambient  air 
at  entry  conditions  (L5327) 

Inertial  pitch  flight  path  angle.  Anglo  between  the  in¬ 
ertial  velocity  vector  and  the  local  tangent  plane. 
Positive  away  from  the  earth  (L5330) 

Entry  conditions  inertial  pitch  flight  path  angles,  if 
powered  flight  and  the  atmospheric  end  at  the  time 
being  printed  (L5328) 

Impact  or  intercept  inertial  pitch  flight  path  angle,  if 
powered  flight  and  the  atmosphere  end  at  the  time  being 
.printed  (L5332) 


a  -  .• 

■S 


a  39 


fn-  i 

4 


Symbol 


1  (Bl) 


1  (B2) 


1(B3) 


1  (B4) 


Ilf  (Bl) 


rllf  (B2) 


Ilf  <B3) 


rllf  (B4) 


r10 


y,r 

Definition  Units 

Pitch  flight  path  angle  at  the  termination  of  Stage  I  (deg) 

angle  between  the  earth  referenced  velocity  vector 
and  the  local  tangent  plane.  Positive  away  from  the 
earth  (L5903) 

Pitch  flight  path  angle  at  the  termination  of  Stage  li.  (deg) 

Angie  between  the  earth  referenced  velocity  vector  and 
the  local  tangent  plane.  Positive  away  from  the  earth 
(L5928) 

Pitch  flight  path  angle  at  the  termination  of  Stage  III.  (deg) 

Angie  between  the  earth  referenced  velocity  vector  and 
the  local  tangent  plane.  Posi'civ  a  away  from  the  earth 
(L5953) 

Pitch  flight  path  angle  at  the  termination  of  Stage  IV.  (deg) 

Angle  between  the  earth  referenced  velocity  vector  and 
the  iocal  tangent  plane.  Positive  away  from  the  earth 
(L5978) 

Impact  or  intercept  inertial  pitch  flight  path  angle  if  (deg) 

the  powered  flight  wore  to  end  at  the  termination  of 
Stage  I  (L5917) 

Impact  or  intercept  inertial  pitch  flight  path  angle  if  (deg) 

the  powered  flight  were  to  end  at  the  termination  of 
Stage  II  (L5942) 

Impact  or  intercept  inertial  pitch  flight  pa„i  angle  if  (deg) 

the  powered  flight  were  to  end  at  the  termination  of 
Stage  IB  (L5967) 

Impact  or  intercept  inertial  pitch  flight  path  angle  if  (sec) 

the  powered  flight  were  to  end  at  the  termination  of 
Stage  IV  (L5992) 

Input  flight  path  angle  at  the  trajectory  start  time,  (deg) 

-180°  <yiQ  £180°  (LOO  11) 

Azimuthal  flight  path  angle.  Angle  between  the  hori-  (deg) 

zohtal  projection  of  the  earth  reference  velocity  vector 
and  the  local  north.  Positive  clockwise  from  north 
(L5323) 
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L£ 

Symbol  Definition  Units 

Azimuthal  flight  path  angular  rate  (L5324)  (deg/see) 

y  Inertial  azimuth  flight  path  angle.  Angie  between  local  (deg) 

north  clockwise  to  the  projection  of  the  inertial  velocity 
vector  on  the  local  tangent  plane  (L5331) 

y  ^  h.ei  tial  azimuth  flight  path  angle  at  apogee  (L5326)  (deg) 

y9IE  Entry  conditions  inertial  yaw  flight  path  azimuth  angle,  (deg) 

if  powered  flight  and  the  atmosphere  end  at  the  time 
being  printed  (L5329) 

y2  Impact  or  intercept  inertial  yaw  flight  path  azimuthal  (deg) 

angle,  if  powered  flight  and  the  atmosphere  end  at  the 
fime  being  printed  (L5333) 

y--  Input  azimuthal  flight  path  angle  at  trajectory  start  (deg) 

-  time  (L0044) 

T  Ratio  of  specific  heats  functional  constants  used  in 

separated  flow  thrust  equations 

Yp  Target  pitch  flight  path  angular  rate  (L5778) 


(dim) 

(deg/sec) 
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Symbol 

6 

ave 

A 

me 

*MI 

dMR 

V 

*MT 

^MT 

WMY 

6 

P 

• 

6 

P 

•  • 

4p 

4p 

*Pc 

*PO’*PO 


3ph 

3pl 


hA 

Definition  Units 

Output  average  T  VC  deflection  angle  per  control  motor  (deg) 
for  the  TVC  design  stage 

Input  maximum  vector  angle  design  limit  also  output  in  (deg) 
TVC  design  duty  cycle  (L0681) 

Azimuth  flight  path  error  to  intercept.  Used  in  type  (deg) 

10  flight  (L533S) 

Input  roll  system  fin  misalignment  angle  (Lk4G3)  (deg) 

Input  nozzle  misalignment  angle  in  pitch  (Lk389)  (deg) 

Seeker  yaw  look  angle  (L3351)  -  -  (deg) 

Seeker  yaw  look  angular  rate  (E£352)  (deg/sec) 

Input  nozzle  misalignment  angle  in  yaw  (Lk390)  (deg) 

Pitch  thrust  deflection  angle.  Positive  up  (L57iu)  (deg) 


Pitch  thrust  deflection  angular  rak  positive  up 
(L5713) 

Pitch  thrust  deflection  angular  acceleration  angle 
positive  up  (L5763  ) 

Modified  pitch  thrust  deflection  angle  to  include  limit 
cycle  and  misalignment  angle  (L5342.) 

Pitch  plane  thrust  deflection  commands  (L5339) 

Input  per  stage  initial  pitch  thrust  vector  deflection 
angle  and  angular  rate  at  the  trajectory  initiation  or 
stage  initiation  (Lk4 20-421) 

Pitch  nozzle  deflection  angle'  at  final  altitude  of  maxi¬ 
mum  wind  shear 

Nozzle  deflection  angle  at  initial  altitude  of  maximum 
wind  shear 


(deg/sec) 
(deg/sec  ) 
(deg) 

(deg) 

(deg  and  deg/ 
sec) 

(deg) 

(deg) 
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<?,  A 

Svrribol 

Definition 

Units 

JPmax 

Output  maximum  magnitude  pitch  thrust  vector  de¬ 
flection  angles  respectively,  per  control  motor  for 
the  TVC  design  stage 

(deg) 

^  Pm  ax 

Maximum  pitch  deflection  outside  region  of  maximum 
wind  shear 

(deg) 

# 

^  Pmax 

Output  maximum  pitch  thrust  vector  deflection  angular 
rate,  respectively  for  the  TVC  design  stage 

(deg/sec) 

Pitch  thrust  deflection  angle  at  t_. 

(deg) 

iT 

&l 

Output  modified  the  TVC  design  dut3'  cycle  points  pitch 
thrust  deflection  angle  at 

(deg) 

Sw 

Maximum  pitch  within  region  of  maximum  wind  shear 

(deg) 

Is 

Output  pitch  slew  angle  for  TVC  design  stage 

(deg) 

*s 

TVC  design  stage  vehicle  slew  angle 

(deg) 

*S 

Output  control  system  design  slew  rate  for  TVC  design 
stage 

(deg/sec) 

*R 

Aerodynamic  roll  fins  deflection  angle  (L5718) 

(deg) 

*R 

Aerodynamic  roll  fins  deflection  angular  rate  (L5715) 

(deg/sec) 

*Rc 

Commanded  roll  control  fin  deflection  angle  (L5341) 

(deg) 

6 

y 

Yaw  thrust  deflection  angle,  positive  left  (LS717) 

(ae6; 

6  Y 

Yaw  thrust  deflection  angular  rate,  positive  left  (L5714) 

(deg/sec) 

#  • 

4  y 

Yaw  thrust  deflection  angular  acceleration  angle 
positive  left 

2 

(deg/sec“) 

T 

Y 

Modified  yaw  thrust  deflection  angle  to  include  limit 
cycle  and  mis.  'igament  angles  (LS343) 

(deg) 

4  Yc 

Yaw  plane  thrust  deflection  commands  (L5340) 

(deg) 
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Definition 

Input  per  stage  initial  yaw  thrust  vector  deflection 
angle  and  angular  rate  at  the  trajectory  initiation  or 
stage  initiation  (Lk422-423) 


Definition 


Input  hunting  procedure  (PI)  values  that  "a"  should 
be  computed  within  the  isolation  or  maximization 
routine  (L0083) 

Pitch. flare-in  angle  (L5349) 

Pitch  flare  in  constant  used  in  evaluation  A' .  for 
restart  (L5347)  a 

Yaw  flare-in  angle  (L5350 ) 

Flare-in  constant  used  in  evaluating  4*  for 
restart  (L5-348 ) 

Input  value  of  number  of  desired  duty  cycle  points 
(100  maximum)  if  input  zero,  set  equal  to  50  (L0670) 

Calculated  altitude  difference  of  the  target  and  missile 
(L5435) 

Calculated  time  rate  change  of  the  altitude  difference 
of  the  target  and  missile  (L5436) 

Input  stage  pitch  attitude  reaction  angular  impulse; 
i.e.,  added  to  6^  at  staging  (Lk428) 

Input  stage  yaw  attitude  reaction  angular  impulse; 
i.  e. ,  added  to  ^  at  staging  (Lk429) 

Calculated  earth  surface  down  range  difference  of  the 
target  and  missile  (L54S1) 

Calculated  time  rate  change  of  the  earth  surface  down 
range  difference  of  the  target  and  missile  (L5432) 

Calculated  earth  surface  cross  range  difference  of  the 
target  and  missile  (L5433) 

Calculated  time  rate  change  of  the  earth  surface  cross 
range  difference  of  the  target  and  missile  (I>5434) 


6,  A 

Definition 


Units 


Symbol 


Input  computing  interval  during  ^  ^t  £t^ 
where  J  -•  1,  2,  ....  8  (L0168,  170,  etc) 

Input  main  printing  interval  during  t  ..  £t  . 

P  0  -  i)  Pi 

where  J  =  1,  2,  . .. ,  8  (L0184,  186,  etc) 


(sec) 


Input  auxiliary  Printline  interval  during  t^  ^ 

§t^  t  where  j  =  1,  2,  ....  8  (L0220,  222,  etc) 

(sec) 

\ 

Ideal  missile  velocity  resulting  from  achieved  thrust 
(L5744) 

(ft/sec) 

*vm 

Ideal  missile  velocity  for  Stage  I  (L5910) 

(ft/sec) 

Av 

(B2) 

Ideal  missile  velocity  for  Stage  *1  (L5935) 

(ft./sec) 

A\ 

(B3) 

Meal  missile  velocity  for  Stage  HI (L5960) 

(ft/sec) 

4v 

(B4) 

Ideal  missile  velocity  for  Stage  IV  (L5985) 

(ft/sec) 

Ax 

Input  increments  that  X  is  incremented  during  the 
hunting  procedure  (PI)  (L0081) 

(dbi) 

Ax 

ij 

Input  increment  of  x.^  used  in  incrementing  during  hunting 
procedure  (P2),  J  =  1,  2,  ....  7  (L0093,  102,  etc) 

(dbi) 

AG, 

b 

Vehicle  pitch  attitude  error  3ngle  (L5344) 

(deg) 

A*b 

Vehicle  roll  attitude  error  angle  (L5346) 

(deg) 

Vehicle  yaw  attitude  error  angle  (L5345) 

(deg) 
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Symbol 

€_ 

Definition 

Units 

€ 

TotaLangle  of  attack  roll  orientation  angle.  Angie 
between  total  angle  of  attack  plane  and  yaw  axis. 

Measured  counterclockwise  (L5353)  , 

(deg) 

€ 

No  wind  total  angle  of  attack  roll  orientation  angle 
(L5354) 

(deg) 

€Cj 

Input  tolerance  on  the  j-th  condition  of  constraint  used 
in  hunt  procedure  (P2)  wsre  J  *  1,  2,  ...,  7 
(L0097,  106,  etc) 

(dhi) 

cd 

Input  and  output  nozzle  expansion  ratio  used  in  the 
separated  flow  nozzle  thrust  equations  (Lk023) 

(dim) 

fm 

Input  flag  to  specify  model  error  used  in  hunt  procedure 
(P2).  If  c  <  0,  the  model  will  be  iterated  until  an 

(dim) 

extremal  solution  has  a  95  percent  probable  model  error. 
If?m=0,  the  extremal  solution  is  obtained  without  regard 

"*■ 

to  probable  model  error  (LOO  87) 

CMI 

Flight  path  error  to  estimated  intercept  (L5355) 

(deg) 

€mt 

Seeker  pitch  look  angle  (L5356) 

(deg) 

*MT 

Seeker  pitch  look  angular  rate  (L5357) 

(deg/sec) 

C 

s 

Main  motor  nozzle,  separation  expansion  ratio  used  in 
separated  flow  equation  (L5075) 

(dim) 

<z 

Input  value  specifying  the  tolerance  of  the  predicted 
maximization  parameter  (z).  Used  in  the  hunt  pro¬ 
cedure  (P2)  (LQ086) 

(dhi) 
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K 


Symbol 

Definition 

Units 

Cross  range  angle.  Angle  between  local  vertical 
and  vertical  on  firing  azimuth  down  range  location. 
Positive  if  positive  is  left  of  firing  azimuth  (L5358') 

(deg) 

t 

Cross  range  angular  rate  (L535G) 

(deg/sec) 

«c 

Input  stage  pitch  control  systems  damping  ratio  for 
the  thrust  vector  deflection  second-order  transfer 
function  (Lk436) 

(dim) 

% 

Input  vehicle  controlled  damping  ratio  (Lk438) 

(dim) 

CT 

Target  azimuthal  flight  path  angle  (L5729) 

(<*eg) 

^TCl 

Input  initial  target  azimuthal  flight  path  angle  at  start 
of  target  maneuvering  (L0635) 

'Mg) 

Input  cons  tant  altitude  (IV  =  8)  control  damping 
raUo  where  1;  2,  ....  or  16  (L0315,  322,  etc} 

(dim) 

'o 

Initial  cross  range  angle 

(deg) 

a 

VT 

Target  azimuthal  path  angular  rate  (L5779) 

(deg/eec) 
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Symbol 

Definition 

Units 

n 

Transformed  value  of  the  independent  variable  x  used 
in  hunt  procedure  (P2) 

(dbi) 

%a 

Acceleration  load  factor  along  velocity  vector  (L5169) 

(g's) 

%a 

Acceleration  load  factor  normal  to  the  velocity  vector 
(L5171) 

fe’s) 

%t 

Acceleration  load  factor  transverse  to  the  velocity  vector 
(L51Y0)  "  ; 

(g'S) 

%n 

Commanded  load  normal  factor 

(g's) 

% 

Input  command  normal  load  factor  for  constant  load 
factor  type  of  flight  where  J  =  1,  2,  ....  or  13  (Ty  =  9) 
(L0313,  32C,  etc) 

(g’s) 

\t 

Commanded  load  crosswire  factor 

fe's) 

Input  command  load  factor  crosswise  to  the  velocity 
vector  used  for  constant  load  factor  type  of  flight 
where  j  =  1,  2,  ...  (Ty  =  9)  (L0314,  321,  etc) 

fe's) 

Achieved  load  factor  normal  to  the  velocity  vector  in 
the  commanded  local  roll  coordinates 

(g's) 

Achieved  load  factor  crosswise  to  the  velocity  vector  in 
the  command  local  roll  coordinates 

(g's) 

V 

Input  disturbing  rolinozzle  vortex  multiplier. 

If  not  input  is  set  to  0.00363  ('Lk406)/ 

(ft) 

cr® 


Symbol 


9bo 

*1 


e 

Definition 

Achieved  missile  Euler  angle  pitch  attitude  (L5710) 

Achieved  vehicle  Euler  angle  pitch  rate  (L5760J 

Input  pitch  orientation  angle  at  the  trajectory  start 
time,  ~180°<  0 .  £  180°  (L0034) 

liiput  inertial  elevation  axis  Euler  angle  relating  the 
i  and  systems  "jOOIS) 

Input  generalized  coordinate  orientation  for  velocity 
steering.  First  rotation  angle  (about  the  l'Q  -axis)  of 

the  set@  ,  Ip  ,  and#  (L0G47) 
g  g  g 

Desired  missile  attitude  Euler  angle  relating  the  m 
and  i  system  (L5722) 

Desired  vehicle  pitch  Eulsr  angular  rate  (L5772) 


Units 

(deg) 

(deg/sec) 

(deg) 


(deg) 

(deg) 


(deg) 

(deg/sec) 


206 


Definition 


Units 


Angle  of  missile  to  target  line  projection  on  horizontal 


and  firing  azimuth  (L5360)  (deg/sec) 

Angular  rate  of  missile  to  target  line  projection  or  (deg/sec) 

horizontal  and  firing  azimuth  (L5361) 

Lagrange  multiplier  used  in  the  simultaneous  hunt  (dbi; 

(P2)  for  the  i-th  constraint  function 

Apogee  longitude  (deg) 

Nozzle  half  angle  momentum  correction  coefficient  (dim) 


£ 

Definition 


Units 


Symbol 

a 


W 

% 


Instantaneous  vehicle  longitude.  Value  is  positive  or 
negative  west  or  east  of  Greenwich,  England, 
respectively  (L5362) 

Instantaneous  vehicle  change  of  longitude  from  launch 
longitude.  Value  is  positive  east  (L5363) 


(deg) 


(deg) 


Vehicle  longitude  time  rate  change  (L5364)  (deg/sec) 


Vehicle  apogee  longitude  if  powered  flight  and  the  (deg) 

atmosphere  end  at  the  time  being  printed  (L53G5) 

Missile  impact  or  intercept  longitude  if  powered  flight  (deg) 
and  the  atmosphere  end  at  the  time  being  printed  (L5366) 

Input  launcher  longitude  (LOO  IS)  (deg) 

Initial  change  in  longitude  from  launch  longitude  (deg) 
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Definition 


Symbol 


Units 


Ratio  of  specific  heats  function  constant  used  in  (dim) 

separated  flow  thrust  equation 
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p 


Symbol 

P 


P 

P.. 


Definition 


Units 


Instantaneous  vehicle  latitude  positive  north  of  the 
equator  -90°-gp;>  90*  (LS36?) 


(deg) 


Vehicle  latitude  time  rate  change  (L5368) 


Vehicle  apogee  latitude  if  powered  flight  and  the 
atmosphere  end  at  the  time  being  printed  (L5369) 


(deg/sec) 

(deg) 


Missile  impact  or  intercept  latitude  if  powered  flight 
and  the  atmosphere  end  at  the  time  being  printed  (L5370) 


(deg) 


Input  launch  latitude,  -90°  Ip  ^9 0°  (L0017) 


(deg) 


Density  of  propellant  used  in  internal  ballistic 
evaluation  is  set  to  0.065  if  not  input  (Lk095) 


(lb/in. 3) 


Initial  vehicle  latitude 


(deg) 
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Symbol 


^  BX2 
<*BX3 
BX4 
ffBXS 


Definition 

Input  code  which  designates  the  dependent  variable  in 
the  hunting  procedure  (PI)  (L0Q78) 

Input  code  which  designates  the  integration  tolerance 
parameters  where  J  =  1,  2,..., or  7  (L0280,  283,  etc) 

Input  code  which  designates  the  quantities  whose  values 
at  staging  are  to  be  available  to  the  hunting  procedure, 
j  =  1,  2,  ....  5  (L0271,  273,  etc) 

Values  which  are  designated  by  input,  at  staging  which 
are  available  to  the  hunting  procedure  (1.5496-500) 


Input  code  which  designates  the  quantity  that  determines 
the  flight  region  when  the  orbital  elements  and  impact 
determination  are  desired  (L0041) 

Input  code  which  designates  the  quantity  that  determines 
when  to  print  a  discontinuity  where  j  =  1,  2,  . . . ,  8 
(L025  2-259) 


Units 


(dim) 


(dim) 


(dim) 


(dim) 


Standard  of  vacuum  thrust  to  nominal  vacuum  thrust  at  (dim) 
any  nominal  time  point 

Input  code  which  designates  the  quantity  that  determines  (dim) 
when  the  j-th  type  of  flight  ends  where  j  =  1,  2,  ...»  16 
(L0311,  318,  etc) 

Input  code  which  designates  the  quantity  that  determines  (dim) 
when  the  j-th  type  of  TMC  ends  (L0801,  811,  etc) 

Input  code  which  designates  attitude  control  system  (dim) 

gain  *one  limits  0  -  It  2,  or  3)  (Lk457,  466) 
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a 


Symbol 


Definition 

Input  code  which  designates  the  start  of  the  acquisition 
zone  for  evaluation  of  the  steering  equations  coef¬ 
ficients  for  the  k-th  stage,  k  =  1,  2,  3,  or  4  (Lk397) 


Units 


Input  quantity  which  designates  the  end  of  the  acquisition 
zone  for  evaluation  of  the  steering  equation  coefficient 
for  the  k-th  stage,  k  =  1,  2,  3,  or  4  (Lk399) 

Input  standard  deviation  of  the  ratio  of  total  impulse  to 
nominal  total  impulse  for  the  k-th  stage  (Lk383) 


(dim) 


Input  code  which  designates  the  quantity  that  determines  (dim) 

when  the  W  weight  is  to  be  jettisoned  where  j  =  1, 

Jf  “ 

2,  . . . ,  or  8  (L0050,  53,  etc) 


tr  mx2 
frmx3 
frmx4 
ffmxS 


Local  flight  path  angle  to  estimated  target,  intercept  (deg) 

(L5373) 

Input  code  which  designates  the  quantity  whose  maximum  (dbi) 
value  is  to  be  printed  following  each  stage  time  where 
j  =  1,  2 . 5  (L0261,  263,  etc) 

Input  code  which  designates  the  quantity  that  determines  (dim) 
when  the  j-th  mode  type  ends  where  j  =  1,  2,  . . . ,  10 
.(L0601,  609,  etc) 

Angle  of  missile  to  target  line  and  local  horizontal  (deg) 

(L5371) 

Angular  rate  of  missile  to  iarget  line  and  local  (deg/sec) 

horizontal  (L5372) 

Values  which  are  designated  by  input,  as  quantity  (dbi) 

whose  maximum  value  is  to  be  printed  following  each 
stage  time  (L5491,  495) 
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a 


Symbol  Definition 

<7  Input  code  designates  the  quantity  to  be  printed  in 

^  Printline  Z  where  j  -1,  2,  . ..,  8  (L0209-219) 


aSk 

atb 

% 


aTto 


Input  code  which  designates  the  quantity  that  determines 
when  a  stage  is  terminated  where  k  ~  1,  2,  3,  4  (LkOOO) 

Input  standard  deviation  of  the  ratio  of  web  burntime 
to  nominal  bumtime  for  the  k-th  stage  (Lk384) 

Input  code  which  designates  the  quantity  that  determines 
when  to  print  a  special  time  where  j  =  1,  2.  . . . ,  8 
(L0236,  238,  etc) 

Input  code  designating  start  of  target  manuevering 
(L0630) 

Input  code  which  designatesthe  independent  variable  in 
the  hunting  procedure  (Pi)  (L0077) 

Input  code  whicu  designates  the  independent  variables 
used  in  hunting  procedure  (P2)  where  j  =  1?.  2,  . . , ,  7 
(L0091,  100,  etc) 

Input  code  which  designates  the  dependent  variables 
used  in  hunting  procedure  (P2)  where  j  =  1,  2,  , . . ,  7 
(L0034,  103,  etc) 

Input  code.  The  a  identifies  the  dependent  variable 

being  maximized  or  minimized.  Used  in  hunt  procedure 
(P2).  K<t7  <0,  the  values  of  x9,  ....  x.^  (L0085) 


Units 

(sec) 

(dim) 

(dim) 

(dim) 

(dim) 

(dim) 

(dim) 

* 

(dim) 

(dim) 


Symbol 

r 

c 


THGj 


T 

W 


r 


Definition  Units 


Input  stage  pitch  and  yaw  control  systems  time  (sec) 

constant  for  the  thrust  vector  deflection  first  order 
transfer  function  (Lk435) 

First  order  lead  constant  which  will  be  set  proportional  (sec) 
to  equivalent  first  order  lag  of  controllable  motor  used 
in  the  TMC  command  logic 

Input  pitch  flare-in  time  constant  for  k-th  stage  used  in  (sec) 
velocity  steering  type  cf  flight  (Ty  =  4)  (Lk396) 

Input  control  system  time  constant  of  the  j-th  type  TMC  -  (sec) 
(L0805,  815,  etc) 

Input  pitch  and  yaw  fiare-in  factor  used  in  the  Homing  (sec) 
Guidance  (Ty  =  11)  (L03i4,  321,  etc) 

Input  pitch  and  yaw  flare-in  factor  used  in  the  intercept  (sec) 
-  guidance  (Ty  =  10)  (L0314,  321,  etc) 

Input  guidance  associated  first  order  intercept  guidance  (sec) 
controller  time  constant  used  in  type  10  flight  where 
j  =  1,  2,  ....  or  13  (L0313,  320,  etc) 

Input  stage  roll  control  system  time  constant,  for  the  (sec) 

first  order  transf '  c  (Lk639,  549,  659J 

Web  fraction  used  in  internal  ballistic  evaluation  is  set  (dim) 
to  0. 8  if  not  input  (Lk086) 

Input  time  constant  in  the  nontarget  dependent  yaw  (sec) 

steering  equation  for  th~  k-th  stage  (Lk402) 

Input  flare-in  time  constant  for  constant  load  factor  (g’s) 

type  of  flight  (Ty  =  9)  (L0315,  322,  etc) 


214 


Mi!* 


216 


hi 


Symbol 

Definition 

Units 

*8 

Instantaneous  slant  range  angle.  Angle  between  the 
launch  vertical  and  the  local  vertical  (L537S) 

(deg) 

Input  bivariant  consideration  axis  for  the  k-th  stage 
(Lk385) 

(deg) 

* 0 

Initial  down  range  angle 

(deg) 

<P 

Local  bank  angle  (L5380) 

(deg) 

*C 

Commanded  bank  angle  (L537?) 

(deg) 

*cj 

-  Input  command  roll  attitude  used  in  the  constant 
angle  of  attack  and  angle  of  side  slip-type  of  flight 
(Ty  =  7)  or  the  constant  load  factor  type  of  flight 
where  j  =  1,  2,  ... . ,  or  13  (Ty  =  9)  (L0315,  322,  etc) 

(deg) 
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Symbol 

* 

4 

^bo 


rg 


m 


1 

m 

Vo 


Definition 

■  .  I  |  I  J 

Vehicle  azimuth  in  the  launch  horizontal  plane  (L5382) 

Achieved  missile  Euler  angle  yaw  attitude  (L5711) 

Achieved  vehicle  Euler  angle  yaw  rate  (L5761) 

Input  yaw  orientation  angle  at  the  trajectory  start 
time  -180°<  4,  bo<  180°  <L003S) 

Input  generalized  coordinate  orientation  angle. 

Second  rotation  angle  (about  the  resulting  Z  axis 

after  rotating  through  q  ,  ^  ,  and  y  (L0046) 

g  S  ^ 


e 


Input  flight  plane  azimuth  angle.  Angle  measured 
north  to  the  flight  plane,  -180°£  <|>  ^  180°  (L0014) 

Desired  missile  attitude  Euler  angle  relating  the 
m  and  i  systems  (L5723) 

Desired  vehicle  yaw  Euler  angular  rate  (L5773) 

Input  initial  commanded  yaw  attitude  (L0029) 

Instantaneous  wind  azimuth  angles,  measured  in  a 
plane  parallel  to  the  local  tangent  plane  where  j  =  1, 

2,  ....  30.  Angle  measured  clockwise  from  north 
to  the  direction  from  which  the  wind  is  coming  (L5383) 

Input  instantaneous  ~Xwith  altitude  h)  wind  azimuth 
angles,  measured;  in  a  plane  parallel  to  the  local 
tangent  plane  where  j  ®  1,  2,  ...»  30.  Angle  measured 
clockwise  from  north  to  the  direction  from  which  the 
wind  is  coming.  (L0417,  415,  etc) 


Units 

(deg) 

(deg) 

(deg/sec) 

(deg) 

(deg) 

(ft) 

(deg) 

(deg/sec) 

(deg) 

(deg) 


(deg  and  dbi) 
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Symbol 

<0 


Wc 


% 


u,  Q 

Definition 


Input  magnitude  of  the  earth’s  angula:.*  velocity.  If 
input  greater  than- 0.5,  set  equal  to  7.29211  E-5  (L0027) 

Input  stage  pitch  control  systems  forcing  frequency  for 
the  thrust  vector  deflection  second-order  transfer 
function  (Lk437) 

Output  slew  frequency  used  in  the  TVC  design  stage 
slew  rate  calculations 

Input  frequency  of  limit  cycle  for  the  k-th  stage 

Pintle  control  frequency  (L5083) 

Input  slew  frequency  used  in  the  TVC  design  stage 
slew  rate  calculations  (L0674) 


CD  ^  Input  vehicle  controlled  frequency  for  the  k-th  stage 

(Lk439) 


°d 


Input  attitude  control  frequency  used  in  constant 
attitude  type  of  flight  where  j  =  1,  2,  . . . ,  16  (Ty  =  8) 
(L0314,  321,  etc) 

Ratio  of  specific  heats  functional  constant.  Used  in 
separated  flow  thrust  equations 


Units 

(rad/sec) 

(rad/sec) 

(rad/sec) 

(rad/sec) 

(rad/sec) 

(rad/sec) 

(rad/sec) 

(rad/sec) 

(dim) 
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B.  EQUATIONS  OF  MOTION 

I  * 

The  equations  and  logic  given  in  this  section  establish  the 
trajectory  program  which  simulates  missile  flight  in  three  dimensions 
with  an  additional  three  degrees  of  freedom  possible,  i.e.,  the  vehicle 
can  pitch,  yaw,  and  roll  about  its  center  of  gravity.  A  spherical 
rotating  earth  mode  is  utilized  for  missile  location;  gravitational 
forces  from  an  oblate  earth  can  be  included. 


Differential  equations  requiring  numerical  integration  are 
as  follows : 


1.  Linear  momenta  equations 

2.  Angular  momenta  equations 

3.  Desired  missile  attitude  angular  velocities 

4.  Achieved  missile  attitude  angular  velocities 

5.  Thrust  vectoring  equations 

To  yield  an  essentially  point  mass  solution,  items  2,  4, 
and  5  are  ignored  if  «  1  or  4. 

1.  Linear  Momenta  Equations 


The  linear  momenta  equations  which  yield  the  three-dimensional 
missile  acceleration  components  are  computed  from  the  real  forces 
acting  on  the  missile  and  the  accelerations  arising  from  the  earth 
rotation.  The  equations  are: 


f  X  ^ 
*ee 

Ve' 

■  •* 

»■  [D]< 

Yee 

*  ** 

aYbge 

►  - 

VZ  J 

*aZbgc  J 

ee 


-2«(Xeesin  pL  +  Z£ccos  pL) 


gXe 


ee 


i  Lj 
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The  above  parameters  are  defined  as  follows: 


X  and  X  are  the  components  of  missile  acceleration  and 
ee  ee 

velocity  in  a  right  handed  Cartesian  coordinate  system  whose  origin 
is  fixed  at  sea  level  at  the  input  launch  latitude,  p. .  The  X  axis 
is  positive  north,  Yg-axis  positive  east,  and  Zg,  the  vertical  axis,  is 
positive  down. 

a.  Initial  Condition 

The  initial  condition  position  and  velocity  vector  are  as  follows 
Down  Range  Angle 


4>0  *  (180/*)  S0/r 


Cross  Range  Angle 


So  =»  (180/ n)  Sc0/rf 


Radius  From  Center  of  Earth 


r_  =  hn  +  r 


Launch  Centered  Coordinates 


XeeO  “  rco  ^C0S  ^  COS  sin  “  sin  ^  sin  So) 


Yeeo  ”  rco  (sin  *i  cos  8ixi  +  cos  *i  sin  ^ 


Z  “  r  -  r  _  cor-  t0  cos 
eeo  e  eo  iU 


Initial  Earth  Geocentric  Coordinates 


X _ *  X  cos  pT  -  Z  sin  p,  +  r  sin  p. 

cco  eeo  L  eeo  L  e  L 


Y  *  Y 
cco  eeo 


„  sin  pT  +  Z  cos  or  -  r  cos  p. 
cco  eeo  L  eeo  L  e  rL 
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Wsfwi 


Initial  Latitude  and  Differential  Lognitude 


sin  po  -  X  / r 

cco  co 


cos  Po  *  (Y2  +  Z2  )'/r 

cco  cco  co 


sin  po*  *  Y  /  (Y2  +  Z2  )  ‘ 
cco  cc  cc' 


cos  no*  *  -Z  ./  (Y2  +  Z2  )* 
w  cc  '  cc  cc 


Initial  Launch  Centered  Velocity  Coordinates 


cos  p^  0  sin  p^ 


1  0 


Jin  0  cos  p ^  0  sin  no  cos  no 


cos  po 


0  -  sin  p<>j 


1  0 


1  0 


0  cos  po  -  sin.no 


Veo  COS  7i0  cos  720 


Veo  cos  710  sln  720 


sin  po  0  cos  Po  -  Vg  sin  7*0 


b.  D  Matrix 

The  matrix  [D],  which  rotates  components  from  the  b  system 
to  the  e  system,  is  computed  from: 


H  -  &JW 
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where  u  is  input,  [Ar 1  rotates  component?  from  the  b  system  to  the 
i  system,  [A^  from  the  i  system  to  the  eo  system,  and  fAfto]  from  the 
eo  system  to  the  e  system.  The  coordinate  axes  are  discussed  in  Section  A.2.c 
and  shown  in  Figure  17.  These  rotation  matrices  are  defined  as  follows: 


cos  p, 


[AJ  *  0 


0  sin  PL  1  0 


1  0 


j  0  cos  Mt  sin  wt  0 


-sin  pt  0  cos  p. 


cos  p.  0  -sin  p. 


1  0 


sin  ut  cos  wt  sin  p  0  cos  p. 


cos  v>‘.  -sin 


sin  i*.  cos  v.  0  0 


cos  0^  0  sin  9 ^ 


1  0 


1  -sin  0i  0  cos  6x 


0  0 


cos  4^  -sin 
sin  cos  d>. 


cos  0  G  sin  0 

m 


J.  0 


cos  $  -sin  vf  0  j  fl 

ro  m'-  m  |  « 

r>  i  n  /*AC  0  I  ’  0 


sin  cos  # 
m  m 


-siti  0  0  cos  0  0 

m  l 


cos  0.  0  sin  0 


1  0 


-sin  0,  0  cos  0.|  |  0 


0  0 
1  0 


cos  -sin  0 1  j 1 


sin  &  cos  0  0 


1  0 


0  0 


cos  *5*  -sin  $ 
m  o 

sin  0  cos  4> 
ra  m 


0  0 


cos  4*^  -sin  ^ 
sin  4*^  cos 


vhere  t  is  the  instantaneous  time,  6t ,  ^  the  input  Euler  angles 

defining  the  relation  between  i  and  ea  systems,  and  the  subscript  m 
raid  b  Euler  angles  are  computed  from  the  integration  of  their  rate- 
equations.  The  angles  are  shown  in  Figure  17  and  Figure  18, 


c. 


Inertial  Acceleration  Components 
The  components  of.  acceleration  arising  from  the  thrust  and 
aerodynamic  forces  acting  on  the  missile  are: 

“a  ■  '  "Sz  '"r  l 


■  If.  -  C  -  C*_  -D_,  sgn 


a 


Yb 


<Fy  +  FJDy  +  V  +  V  VV" 


a_.  -  (F  +F,n  +  F__.  +  N_  -  N  +  N„)/W 
Zb  z  JDz  TDz  Pz  Z  6Z 


where  F  are  the  components  of  missile  thrust,  main  and/or  complementary; 

x,y,2 

and  are  the  jet  damping  forces  in  yaw  and  pitch  respectively; 
and  N„  are  the  aerodynariic  damping  forces  in  yaw  and  pitch  respectively; 

rZ 

^tdv  an<*  ^xDz  are  t^ie  nova^Ie  nozzle  tail-wag-dog  force  in  yaw  and  pitch 
respectively;  and  C,  Ny  and  are  the  aerodynamic  force  components. 
and  N&z  are  the  control  fins  normal  force  in  yaw  and  pitch  respectively; 
and  Cgz  is  the  control  fin  axial  force.  is  the  input  rail  drag.  The  mass 

conversion  gravity  value,  ge,  is  input. 

The  second  and  third  terms  of  the  linear  momenta  equations  result 
from  Coriolis  and  gravitional  accelerations. 

Some  of  these  forces  are  depicted  on  Figures  19  and  20. 


O 


Gravity 


The  gravitational  force  is  specified  by  the  two 
components  shown  in  Figure  24;  one  directed  down  from  the 
missile  towards  the  earth  center  and  the  other  perpend itrilar  to 
the  preceding  component,  directed  towards  the  equatorial  plane. 

Beth  components  are  functions  of  vehicle  geocentric  latitude 
and  radial  distances  and  include  the  accelerations  due  to 
maos  attraction  and  centrifugal  force. 

The  local  components  of  gravity  are: 

8X1  =  ~ ^2re  &e  J^rc  +  “2  rc>  cos  p  sin  p 
«Y1  "  ° 

gzl  =  r2  ge  [l*Jr^  (3  sin2  p  -  O/r2  -  w2  rc  cos2  p] 

where  r  ,  g  ,  t,  and  u  are  input  and  r  and  p  are  the  instantaneous 
missile  earth  center  distance  and  latitude,  respectively. 

The  components  in  the  e  system  are 

?«  *  'V  si 

where  the  matrix  [A^]  is  defined  in  Section  F.2.b. 
the  energy  per  unit  mass  Is:' 


E/»  "  +  v?/i 


1.  Angular  Momenta  Equations 

The  angular  momenta  equations  which  yield  the  angular  acceleration 

components  about  the  vehicle  center  of  gravity  are  defined  as  follows: 

i-  r  \  i — 
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where  P.  ,  Q,  and  R  are  the  roll,  pitch  and  yaw  turning  rates  about  the 
bob 

wisoile  center  of  gravity  (Figure  21  ),  1^,  1^  and  are  the  roll,  pitch 
and  yaw  moments  of  inertia  respectively;  1^,  I^,  and  are  the  products 
of  inertia;  and  and  K,R  are  the  roll,  pitch,  and  yaw  unbalance 

moments  respectively. 

a-  Initial  Conditions,  Angles,  and  Angular  Rates 

Initial  values  of 0^*^,  and  at  the  trajectory  start 
time,  t^,  are  obtained  from  input  and  thereafter,  at  the  initiation  of  the 
mode  are  equated  to  the  values  existing  at  the  end  of  the  previous  mode 
segment.  At  staging,  the  input  stage  attitude  reaction  angular  impulse, 
is  added  to  Q,  and  AR  is  added  to  R^, 


b.  Angular  Moments 

Angular  moments  are  defined  as  follows. 

Perturbing  Pitching  Moments 

^  ^  +  MFOQ  *  ^TDQ  +  MJDQ 

where  is  the  aerodynamic  pitching  moment,  M^^  is  the  thrust  offset 
pitching  moment,  is  the  movable  nozzle  tail-wag-dog  pitching  moment,  and 

M  is  the  jet  damping  pitching  moment. 

Jl/X 

Controlling  Pitching  Moments 

M  *  M  +  M 
CQ  FCQ  SQ 

where  is  the  thrust  vector  control  pitching  moment  and  is  the 

movable  pitch  control  fin  moment. 


Unbalance  Pitching  Moment 

hiq-mdq  +  hcq 
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Perturbing  Yaw  Moments 

n^R  “  ”nr  +  ^for  +  l'-rm  +  mjdr 

where  M^  is  the  aerodynamic  yawing  moment,  Mp^  is  the  thrust  offset 
yawing  moment,  M^r  is  the  movable  nozzle  tail-wag-dog  yawing  moment,  and 
MjpR  is  the  jet  damping  yawing  moment. 

Controlling  Yawing  Moment 
MCR  "  “fCR  +  M6R 

where  Mp^R  is  the  thrust  vector  control  yawing  moment  and  M^r  is  the 
movable  yaw  control  fin  moment. 

Unbalance  Yawing  Moment 

MIR  =  MDR  +  MCR 


Perturbing  Soli  Moments 

MDP  =  mnp  +  mfof  +  mfvp  +  mrap 

where  M^p  is  the  aerodynamic  normal  force  offset  rolling  moment,  MpQp 
is  the  thrust  offset  rolling  moment,  Mp^p  is  the  thrust  vortex  rolling 
moment,  and  Mr^,  the  raceway  aerodynamic  rolling  moment. 

Controlling  Rolling  Moment 
MCP  *  ^CP  +  M6R 

where  MpC„  is  the  auxilliary  roll  control  rolling  moment  and  MgR  is 
the  aerodynamic  fin  rolling  control  moment. 


Unbalance  Rolling  Moment 


**IP  *  *4>p  +  MCP 


C.  CONTROL  TABLES 


Three  different  control  tables  regulate  the  type  of  trajectory  simulation.  The 
mode  control  table  stip»ilates  the  degrees  of  freedom  to  be  simulated,  die  attitude 
control  table  dictates  the  type  of  flight,  and  the  thrust  modulation  control  table 
specifies  the  thrust  control  law. 

1.  Mode  Control  Table 

The  mode  Cable  controls  the  degree  of  sophistication  that 
is  obtained  in  the  simulation  of  missile  flight.  Options  such 
as  rigid  body  with  and  without  thrust  vector  control  are 
controlled  by  the  mode  table.  The  desired  option  or  mode  is 
determined  by  the  type  of  mode  input  My. 

If  the  input  is  zero,  all  of  the  logic  given  below 

is  ignored  and  only  the  Mode  1  opti >n  of  a  rigid  body  without 
controls  is  applicable  throughout  the  run. 

The  following  logic  applies  to  the  mode  regions;  r 

Inputting  a  maximum  of  ten  mode  regions  per  trajectory  is 
possible;  Let  tr  .  ( j  =  1 ,  2,  10)  be  the  achieved  value 

MJ 

of  a  parameter  designated  by  code  input  and  let  be  the  input 
of  the  parameter;  then  the  j-th  mode  region  will  apply  until 
aMj  =  Kjflj,  then  mode  is  switched  to  next  mode  type. 

The  time  when  equality  in  the  above  occurs  will  be 
determined  and  is  defined  as  t^.  The  criteria  are  checked 
'  monotonies  Hy  with  respect  to  the  j  index.  The  trajectory  is 
terminated  if  the  final  t^  is  reached.  The  applicable  region 
at  the  beginning  of  a  trajectory  run  is  determined  from 
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,r5r«W 


the  region  start  flag,  as  follows: 

1.  The  j-th  (j  *  1,  2,  ....  10)  region  applies  if 
M’  .  -  j  t  0 

yj 

2 .  If  =  0,  the  first  margin  applies. 

At  the  initiation  of  Mode  4,  the  initial  thrust  vector 
angles  and  rates  are  obtained  from  input  unless  they  are 
not  input;  then,  they  are  equated  to  the  values  at  the  end  of 
the  previous  mode  region. 


The  nodes  have  the  following  meaning: 

a.  Point  mass  simulation  (Mv  =  4) 

Mode  4  simulates  in  three  dimensions  the  vehicle  motion 
as  a  rigid  body  without  controls  (point  mass). 

b.  Rigid  body  simulation  (My  =  5) 

Mode  5  simulates  in  three  dimensions  the  vehicle  motion 
as  a  rigid  body  with  controls. 

The  trajectory  will  be  terminated  with  an  error  message  and 
dump  if  ary  mode  other  than  4  or  5  is  encountered. 


2„  Flight  Control  Table 


Desired  missile  attitude  (the  relation  between  the  m  and  i 
systems)  as  shown  in  Figure  18  will  be  computed  by  on  of  the- many  types  of 
flight  methods  given  below.  The  m  system  is  the  basic  coordinates  that 
thp.  autopilot  controls.  The  command  m  system  is  calculated  for  desired 
angles  of  attack,  angle  of  sideslip  and  back  angle  for  certain  types  of 
flight.  The  type  of  attitude  control  desired  will  be  determined  by  the 
"type  of  flight."  input  Ty  according  to  the  following  logic; 

If  T  =*  1 

y 

programmed  flight  is  desired.  Missile  at»:i!  .dc  is  determined  from  the 
input  turning  rates. 

If  Ty  -  2 

stipulated  angle  of  attack  and  angle  of  sideslip  for  a  given  back 
angle  is  desired.  Conmanded  pitch,  yaw,and  roll  attitudes  are 
determined  from  the  conmanded  relative  attitude  from  achieved  earth 
reference  velocity  vector. 


I<=  X  *  4 

nontarget  dependent  guided  flight  is  desired.  Missile  attitude  is 
determined  from  velocity  steering  equations. 


If  T;  *  6 

y 

rail  launch  dynamic  is  desired.;  Missile  attitude  is  fixed  in  pitch  and 
yaw  but  the  roll  attitude  is  allowed  to  be  commanded  from  input  roll  rate. 
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constant  attitude  is  specified,  Missile  attitude  will  be  controlled  from 
a  command  law  specifying  angle  of  attack  and  angle  of  side  slip.  Roll 
attitude  will  be  specified  from  command  back  angle. 

If  T  *  9 

y 

constant  normal  load  factor  flight  is  desired.  Missile  attitude  will 
be  controlled  from  command  law  specifying  angle  of  attack,  and  angle  of 
side  slip.  Roll  attitude  will  be  specified  from  command  back  angle. 

If  T  *  10 

y 

intercept  guidance  flight  is  desired.  Missile  attitude  is  commanded  so 
as  to  fly  the  raiscile  on  a  collision  course  to  intersect  with  the  input 
moving  target  coordinates. 

If  T  *  11 

y 

Homing  Guidance  flight  is  desired.  Missile  attitude  is  calculated 

to  home  on  a  target  by  so  called  proportional  navigational  steering. 

The  following  logic,  applies  to  all  types  of  flight: 

A  maximum  of  13  types,  of  flight  per  trajectory  can  be  input, 
bet  (j  «  1,  2,  ...,  13)  be  the  achieved  value  cf  a  parameter  designated 
by  code  input  and  let  be  the  input  value  of  the  parameter;  then,  the 
j-th  type  of  flight  will  apply  for  as  long  as  does  not  equal  K^. 

An  error  will  occur  if  end  are  equal  at  the  beginning  of  the 

j  *  the  type  of  flight. 


The  j-th  type  of  flight  will  end  and  the  trajectory  will  be  computed 
when  equality  occurs.  Criterion  for  ending  the  (j+l)-type  of  flight  is 
not  checked  until  the  j-th  type  of  flight  ends.  Once  the  j-th  type  of 
flight  ends,  it  cannot  be  re-entered  during  the  trajectory. 

a.  Programmed  Plight  (Tv  =  1) 

When  Ty  »  1  during  the  j-'th  type  of  flight,  the  pitch,  yaw  and 
roll  turning  rates  are  obtained  from  input  and  the  desired  vehicle  attitude 
is  determined  from: 


e 


(Q.  cos  ~  R  .  sin  <t>  )/cos  t 
raj  m  mj  ra  m 


m 


=  0  ,  sin  4>  +  R  cos  $ 
m  mj  m  mj  -  ip 

-  P  .  -  9  sin  t 
m  mj  m  m 


where  Q^.,  aixiP^j  are  the  input  turning  rates  in  the  attitude  control  table 
whose  positive  directions  are  shown  in  Figure  19. 


The  initial  vaLues  of  0  ,  <t>  and  #  are  obtained  from  input 

in  in*  m  r 

if  t—  tQ,^or  from  the  last  computed  values  from  the  previov»s  type  of 
flight. 


PC  *  aritaR  K  tan  ?c)/(sec  a,)] 


The  values  of  dc>  6c  and  <f>c  are  input  in  the  flight  control  table 
in  tne  ^ assd  Pm  columns. 
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and  8,  .and  4>  are  determined  as  in  T  *  1. 

m*  IB  Xu  « 


When  Ty*4  during  the  j-th  segment  of  flight,  the  vehicle 
attitude  and  rate  are  obtained  from  instantaneous  missile 
position  and  velocity  components  as  follows: 

-  (180/*)t.lk  iu  *  +  blk  igs  +  b2k  i*g  +  b3k  ?.  +  V 

K  *  (180/<)[*lk  \t  +  blk  X88  +  2b2k  Xgs  *«  +  3b3k  4  X88  +  \k 

The  constants  alk>  aQk,  blk,  b2R,  b3k  (k  -  l,  2,  3,  or  4)  are 
input  per  stage,  computed  under  acquisition  of  coefficients  for 
steering  equation  logic  delineates  in  section  L.3.a,  or  obtained 
from  previous  run  if  <Tg^k  <  0.  Also, 

A*k  “  Aak  HIp  [<tBf  * 

Aak"  -<V*£k> 

A*  *  '  *lk2gf  *  ‘Ok  '  blkX8f  -  Wjt  '  b3k^ 


where  values  of  tho  vehicle  attitude  angle  and  velocity  components 
with  subscript  ff:  «r«  determined  at  the  beginning  of  this 
segment  or  at"  staging,  whichever  Is  the  last  occurring  event, 
t  Is  the  fime,  igfl,  is  the  value  aiMma  when  Ty=--4  flight  begins  or  is 
zero  at  staging,  and  T&  is  the  input  pitch  il are-in  time  constant  for 


(1)  Commanded  Yaw  Attitude 


*«  -  -  <180/*>  V  'V  V  +  V 

'  •  -  aSOh'  V  ‘V  V+  V 

(2)  Commend  Roll  Attitude 
6  «  <J>  *  0 


d.  Rail  Launch  (Tv  =  6} 

When  Ty  ■  6  during  the  j-th  segment  of  flight,  the  vehicle 
flight  path  will  simulate  flying  down  a  launcher  rail  or  tube. 


The  linear  momenta  equations  are  set  as 
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Where  the  quantities  are  delineated  in  section  B , 
set 
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0  »  (Q  cos  ♦  -R  sin  ♦  ) 
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♦  *  Q  cin  ♦  +  R  cos  $ 
m  m  mm  a 


t_*  P  »  0  sin t 
m  m  a  c 


The  distance  traveled  along  the  rail  is 

l  '  -  {(X  -  X*  )2  +  0*  -  Y*  )2  +  (z  -  Z*  )2]* 

lx  ee  ee'  N  ee  ee'  v  ee  ee  J 


where  is  assigned  a  "P”  number  5113  and 


^ee  “  *eeo  +  ^eeo3fc  “ 
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Constant  Altitude  (Ty-=  8) 


The  constant  altitude  type  of  flight  will  command  the 
vehicle  30  as  to  fly  the  missile  to  a  specified  altitude  and  then 
maintain  that  altitude.  The  directed  flight  path  azimuth  will  be 
down  the  generalized  coordinates  X  •*  Z  plane.  The  transition 

OO  00 

of  the  vdiicle  initial  altitude  to  the  desired  altitude  is 
accomplished  by  a  second  order  transfer  function  characterized 
by  an  input  altitude  control  frequency  and  damping  ratio. 


When  Ty  *  8  during  the  j-th  segment  of  flight,  the  vehicle 
attitude  is  obtained  from  instantaneous  values  of  no-wind 
total  angle  of  attack,  roll  angle  of  total  angle  of  attack 
orientation,  bank  angle,  altitude  distance,  rate,  body  angular 
attitude,  and  acceleration,  as  well  as  from  input  values,  com¬ 
mand  altitude,  altitude  control  frequency,  and  damping  ratio. 


The  commanded  angle  of  attack  and  angle  of  side  slip  is 
defined  as  follows: 


(1)  Commanded  Angle  of  Attack 


a 


ak 

-  45°  +  A 


ak 


Of*  +  A  . 
c  ak 


If  a*  >  45° 
c 

If  Of*  <  -  45° 
-  c 

Otherwise 


where 


a*  *  a?  +  f(h  -  h)  K  -  h  K*  -  h  K-0  cos  <p 

C  v  2  2  £  C 

+  fY  K  +  Y  K  +  Y  K»]  sin  <p 
‘  gg  =  gg  z  gg  *  c 

-  Kg  Qb  cos  (<p  -  tpc)  -  Ri,  sin  -  <pc) 
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and  the  angle  of  side  slip  exponential  flare-in  factor  is 
determined  as  follows: 


exP  C  (tBf  -  t)  fwz/(2  $z)]  If  Mz  >  0 
0  Otherwise 


and  the  angle  of  sideslip  in  the  horizontal  is : 
0/  *  arctan  {f(tan  0t')]/[C8C  (<p  -  <pc  +  «)]) 


where 

abk"  -sy 

where  the  values  of  the  vehicle  trajectory  parameters  with 
subscript  "f  *'  are  determined  at  the  beginning  of  this  segment 
of  flight  type  control. 


The  above  gain  are  defined  as: 


K  "  “*/G_ 

z  z  z 


K«  ‘\KK 


Kz  -  1/Gz 


vhere  the  values  of  hc,  **z>  and  are  Input  in  the  attitude 
control  table  in  the  locations  of  Q^,  ,  and  P  #  respectively 

for  the  j-th  type  of  flight  row  and  the  variable  gain  factor  is 
determined  as : 


cz  -  W180MHxbge,NpEAgc/W| 


0  if  My  ■  1  or  4 


npcd  iyy/^nnvampcd  +  npcd  *  mpda^  0therwise 


Pitch  aerodynamic  control  normal  force  per  radian  fin  deflection 
angle 

SPAC  ■  CLz  0  SFZ 

Pitch  aerodynamic  disturbing  normal  force  per  radian  angle  of 
attack 

NPAD  *  <180/*>  CNX  *  SRN  * 


Pitch  total  thrust  control  moment  per  radian  TVC  deflection  angle 
-*PTC  *  F 


Pitch  main  thrust  control  moment  per  radian  TVC  deflection  angle 


Pitch  aerodynamic  control  moment  per  radian  fin  deflection 
angle 

mpac  3  npac  *  £*> 

Pitch  aerodynamic  disturbing  moment  per  radian  angle  of  attack 
H?AD  “  NPAD  *  *cp 

Total  pitch  control  moment  per  radian  deflection  angle 
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Force  normal  to  velocity  vector  per  radian  angle  of  attack 
NNVA  =  aXb  W  +  NPDA 

**  *  ^zz^Yy)  K9 
Commanded  bank  angle 

®  s0 
rc 
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£  Constant  Normal  Load  Factor  (Ty  ~9) 

The  programmed  normal  load  factor  type  of  flight  will 
'  command  the  vehicle  attitude  so  as  to  fly  the  missile  with  a 
specified  acceleration  in  g's  normal  to  the  earth  reference 
velocity  vector.  The  transition  from  the  initial  load  factor 
to  the  desired, load  factor  is  accomplished  by  a  first  order 
transfer  function  characterized  by  an  input  load  factor  flare-in 
constant. 


The  values  of  n  ,  n  and  m  are  input  in  the  attitude 
cn  ct’  c 

control  table  in  the  Q^,  R^,  and  locations. 

Defining  the  achieved  load  factor  along  the  velocity 
vector  is: 

[Ap'r1  [Aa)-»  (\)  l/ic 


where  is  the  acceleration  along  the  velocity  vector, 

T(j)t  is  the  acceleration  transverse  to  the  velocity  vector, 
and  is  the  acceleration  normal  to  the  velocity  vector. 

The  achieved  load  factor  along  the  velocity  vector  is: 
(in  commanded  local  rcll  coordinates). 

^it  “  %t cos  (<p  *  V  *  v sin  (cp  ■  V 
^in  s  %t 8in  to  -  *c>  +  V  cos  to  -  <pc> 
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The  commanded  angle  of  attack 


45°  +  *ak 
-  45°  ■*.  a 


‘ak 


°S  +  Aak 


if  a*  >  45° 

C 

if  a*  <  -  45° 

C 

Otherwise 


where 


£  -  a*  +  (1cn  ‘  V5  % 

-  Kg  Qb  cos  (<p  -  <pc)  -  K£  ^  sin  (<p  -  q»c> 


and  the  angle  of  attack  experimental  flare -in  factor  is 
determined  as  follows: 


0 


A;*  exp  1  <tBf-t.)/Tf] 
0 


The  cotananded  angle  of  sideslip 


450  +  *bk 


-  45°  -+  A 


bk 


ct*  *  Av , 
c  bk 


If  Tf  =  0 
Otherwise 
If  Tf  *  0 
Otherwise 


If  P*  >  45° 

If  OC*  <  -  45° 

c. 

Otherwise 


-  (n  .  -  n .  )  K 
'  'ct  'xtv  TJ 

+  Ke  Qb  Sin  (<P  “  ^  +  *b  COS  ®  ~  V 


where 


and  the  angle  of  side  slip  exponential  flare-in  factor  is 
determined  as  follows: 


fo 


exp  (t 'f  -  t\ 


If  Tf  *  0 
Otherwise 


0 


If  tf  »  0 
Otherwise 


The  intercept  guidance  type  of  flight  will  command 
the  vehicle  so  as  to  fly  the  missile  on  a  collision  course  to 
intersect  with  the  input  moving  target  coordinates.  This 
type  o£  flight  represents  a  radio  command  guidance  system 
where  the  signals  are  generated  by  an  external  facility  which 
keeps  tract  of  the  missile  and  target  dynamical  characteristics. 

When  Ty  =  10  during  the  j-th  segment  of  flight,  the 

vehicle  attitude  is  obtained  from  instantaneous  values  of 

flight  path  angle  (73,),  the  flight  path  error  to  intercept  angle 

the  flight  path  azimuth  error  to  intercept  the 

partial  derivative  of  the  linear  inertial  acceleration  normal 

to  the  velocity  vector  to  the  vehicle  angle  of  attack  (G  ), 

z 

the  earth  gravity  and  rotation  acceleration  {fizi)»  ai»d  vehicle 
velocity  (V  )  as  well  as  the  guidance  associated  first  order 
intercept  guidance  controller  time  constant  and 

maximum  angle  of  attack  (Ctmax>  input  in  the  attitude  control 
table  in  the  and  R  locations. 

The  command  angles  of  attack  angle  of  sideslip  are 
defined  as  follows : 


01  +  A  , 

max  ak 

-  a  +  A  , 
max  ak 


7f  -  ce _ <  aS„  <  a  or  a  -  c 

max  iG  max  max 

If  Cd„  >  a 


I£  V  >  “ic 


where 


Commanded  angle  of  attack 


ezi 005  yi 

'MI*—— 


W/18C)  V. 


■  I^BL  i  \ 

A  —  ^  fir.,  cos  y. 


if  Gz  -  0 
if  TM!  ~  0 


if  Tun  4  0 


e. 


sio  +  Aok 


Of  + 


V 


^rcax  + 


U  *  a»ax  <  *G  <  °U  °r  2»ax  '  0 
I£  »IG  >C«a* 

«-*U  5  ®IG 


Commanded  angle  of  side  slip 


0 

-6mi 

6mi  •  \ 

-  (f/180) 


MI 


y 


where 


“S'0 

“tkx'° 


“  tmi *  0 


G  is  formulated  in  section  C.2.e  (Type  8  flight),  Cj^j,  CmI  &MI»  30(5 
z  * 

Si  are  formulated  in  section  J.4.  c,  'fissile  Target  Coordinates" 
The  exponentM  flare-in  factor  is  determined  as  follows: 


U 


ak 


11  TI0  *  0 


^4k  exp  I  ^Bf  ~  t)/TiG^  Otherwise 


where 


AI 


‘ak 


«“r.S£  "  “if1 


If  *  0 


Otherwise 


A1 

bk 


0 


If  T{  «  0 


Afak  ^  I  ^Bf  ~  Otherwise 
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.nil'll'"'1 


If  Tf  *  0 
Otherwise 


where  the  values  of  the  vehicle  trajectory  parameters  with 
subscript  "f*1  are  determined  at  the  beginning  of  the  segment  of 
flight  type  control. 


f. 
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h.  Homing  Guidance  (Ty  =  11) 

The  homing  guidance  type  of  flight  will  command  the  vehicle 
so  as  to  fly  the  missile  to  a  specified  moving  target.  This 
type  of  flight  is  also  called  proportional  navigation  steering  which 
commands  the  time  rate  change  of  the  missile  flight  path  angle 
proportional  to  the  turning  rate  of  the  look  angle  between  the 
missile  seeker  and  the  target. 

When  T^  =  11  during  the  j-th  segment  of  flight  the  vehicle 
attitude  is  obtained  from  instantaneous  values  of  flight  path 
angle  (73.);  time  rate  change  of  the  angle  to  target  in  pitch 
(<^jT),  time  rate  change  of  the  angle  to  target  in  yaw 
partial  derivative  of  the  linear  inertial  acceleration  normal 
£0  the  velocity  vector  to  the  vehicle  angle  of  attack  (<3Z)»  thv 
earth  gravity  and  rotation  acceleration  (Rj.),  and  vehicle 
velocity  (Ve)  as  well  as  the  navigation  constanc  (K^g),  flare-in 
time  factor  (T?ip)»  and  maximum  angle  of  attack  («  )  input 

in  the  attitude  control  table  in  the  and  locations. 

Commanded  Angle  ox  Attack 


OC  +  A  , 
max  ak 


«  a 

max 

L 


+  A  . 
ax 


If  -  <2  <  a  *  <  a  or  a 

max  c  max  max 

If  a*  >  a 

c  max 

If  a  >  or* 
max  c 


where 


If  C2  -  ° 


1*1*;  (*/180)  (8  cos  7i)]/G2 
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where  the  values  of  the  vehicle  trajectory  parameters  with 
subscript  "f,!  are  determined  at  the  beginning  of  the  segment 
of  flight  type  control. 


3,  Thrust  Modulation  Control  Table 


*ae  control  law  type  shall  be  determined  from  a  sequential  input 
table.  Each  row  in  this  table  contains  the  following  ten  control  variables. 


1. 


F 


y 


thrust  control  law  mode  -  dim 
“  1  Specific  velocity-time  profile 

=  2  Constant  Mach  number-time  profile 

=  3  Proportional-to-commanded  turning  rate  profile 

=  4  Minimum  velocity  during  commanded  turn  profile 

=  5  Constrained  dynamic  pressure  profile 
=  6  Axial  acceleration  proportional  to  line-of-sight 
rate 


°Fy  Code  which  designates  the  quanity  that  dim 

determines  when  the  j-th  type  of  TMC  ends 

3.  Kpy  Limit  of  the  j-th  type  of  TMC  dbi 

4.  TMC  Thrust  dynamics  mode  dim 

TMC  e  0.  Achieved  thrust  equals  commanded 
thrust 

TMC  =  1.  First  order  response  system  (solve  Pc  equation) 


5. 

°Fy 

Thrust  system  proportionality  system  gain 

dim 

6. 

TFy 

Control 

system  time  constant 

see 

7. 

MIN 

Minimum 

velocity  or  constant  Mach  number 

dim/ft/scc 

8 

q 

max 

Maximum 

allowable  dynamic  pressure 

lb/ft2 

253 


9. 

10. 

Inputting  a  maximum  of  seven  segments  of  thni  st  mode  control  per 
crajectcry  is  possible.  Let  a (j  *  1,  2,  ...»  7)  be  the  achieved  value 
of  a  parameter  designated  by  input  and  let  Kp^,  be  the  input  value  of  the 
parameter,  then  the  j-th  segment  of  thrust  modulation  control  will  apply 
for: 


’mm 


Minimum  allowable  dynamic  pressure 


lb/ ft2 


Open 


‘Vyj  *  *Fyj 

The  time  when  equality  in  the  above  occurs  will  be  determined  and 
is  defined  as  tpy . .When  the  criteria  for  leaving  a  segment  has  been  satisfied, 
that  segment  is  not  re-entered  during  the  trajectory. 

The  Kpy^  criteria  are  checked  monotonicnlly  with  respect  to  the 
j-index.  The  table  is  input  in  the  L800-L869  region. 
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i  m 


m 


The  foil -wing  discussion  provides  a  description  of  the  control 
laws  which  will  be  used  to  determine  the  control  thrust  command,  ?  . 

These  control  laws  are  based  upon  the  comnanded  thrust  being  proportional 
to  the  error  in  the  control  variable  modified  with  a  signal  proportional 
to  the  control  variable  rate  of  change.  The  control  gains  will  bn 
determined  internally  within  the  program  unless  input  by  the  program  user. 


a.  Specific  Velocity-Time  Profile 

If  Fy  =  1,  the  flight  for  a  preprogramed  velocity-time  profile 

will  be  established  from  specifying  the  command  velocity  history  in  tabular 

form.  This  tabular  input  will  be  in  the  L-numbcr  region  L870-L399.  The 

time  coordinate  t^^  will  be  input  in  L870,  L872,  ...»  L898  and  the  velocity 

Vn.  in  L871,  L873,  L899.  This  corresponds  to  a  maximum  of  15  points. 

•  J 

If  the  time  is  less  than  or  greater  than  the  first  or  last  points  in  the 
table,  the  corresponding  end  point  velocity  are  used.  The  points  in  the 
input  velocity-time  table  are  fit  with  a  third  order  quadratic  function,  and 


the  velocity  and  its  time  derivative  are  evaluated  as  V  and  V 

J  i  cv  ecv 

respectively. 


To  minimize  the  collective  system  error  and  provide  the  desired 
velocity  history,  the  following  control  equation  for  the  thrust  required  to 


provide  the  desired  acceleration  is: 


F  =  F  +  K  (V  -  V  )  +  m  V 
c  c  cv  ecv  e  ccv 


where  V  is  the  cocanand  velocity,  V  is  the  achieved  velocity,  K  is  a 
ecv  e  ev 

A 

velocity  error  gain,  F  is  the  thrust  required  to  maintain  V  a  constant 

C  6 

• 

value,  m  is  the  missile  mass  and  V  is  the  time  rate  change  ot  the 

ecv 

command  velocity.  The  vehicle  mass  divided  by  th?  velocity  error  gain 
magnitude  represents  the  tine  required  to  eliminate  the  accumulated  velocity 
error.  The  automatic  control  of  this  gain  will  be 


Kcv  “  "/tCF 


where  m  is  the  missile  mass  and  represents  the  first  order  lead  constant 
which  will  be  set  proportional  to  the  equivalent  first  order  lag  of  the 
controllable  motor  or  to  the  input  value. 


TCF  " 


5/u 


Fy 


if  Tpy  =  ° 


Otherwise 


% 


■•J 


where  is  the  pintle  control  fr-  .'ncy  and  is  control  system  time 
constant  input  in  the  thrust  modulation  control  tabic. 


The  thrust  required  to  Tcaintain  Vc>  i.c.,  retarding  force  is; 


*  C  +  C6r  "  (NPy  "  ^  "  V  Sin  ^/cOS  «’ 


(Hpg  -  Nz  -  N^)  sin  a/ cos  a' 


+gzlsio  7x131*/ COS  a' 
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where*  C,  and  Nz  are  the  aerodynamic  force  components,  and  N^z  are 

the  control  fins  normal  force  in  yaw  and  pitch  respectively.  C„  is  the 

oc  • 

control  fin  axial  force,  a  is  the  still -wind  angle  of  attack,  fi  is  the  still 

wind  angle  of  yaw,  and  a*  is  the  still  wind  total  angle  of  attack. 

and  IL,  are  the  aerodynamic  normal  forces  due  to  yaw  and  pitch  damping. 


b.  Constant  Mach  Number  Flight 


If  Fy  =  2,  a  constant  Mach  number  flight  path  is  utilized  in  a 
cruise  type  vehicle  such  as  SRAM.  Flying  constant  Mach  number  can  be  used 
to  maximize  the  vehicle  lift  to  drag  for  a  maximum  range  glide  trajectory. 


The  command  acceleration  for  constant  Mach  number  flight  is: 


*  _  w  d  Ca  . 

Vecm  '  Ve  M  ~  sin 


where  is  the  achieved  missile  velocity,  M  is  the  achieved  missile  Mach 
number,  d  Ca/dh  is  the  rate  change  of  the  speed  of  sound  with  change  in 
altitude,  and  jy  is  the  flight  path  angle.  The  command  velocity  is: 


V  =  M  C 
ecm  c  a 


where  M£  is  the  command  Mach  number  input  in  the  thrust  modulation  control 
table  as  MIN  and  C a  is  the*  instantaneous  speed  of  sound. 


To  provide  the  transition  to  achieve  initially  required  steady 
state  Mach  number  and  to  minimize  the  collective  system  error,  the  control 
law  presented  in  Fy  -  1  is  used,  i.e.. 


F=F+K  (V  -  V  )  +  m  V 
c  c  cv  v  ecm  e  ecm 


WjU»B 


c.  Proportion al-to-Commanded  Turning  Rate 

If  Fy  s  3,  the  thrust  level  will  be  commanded  proportional  to 
the  attitude  command  turning  rate.  For  air-to-air  missiles,  the  guidance 
and  control  logic  is  benefited  by  a  propulsion  system  in  which  the  time 
rate  change  of  flight  path  is  proportional  to  the  seeker  look  angle  rat«  . 
The  trajectory  control  forces  to  provide  the  time  rate  change  of  flight 
path  angle  are  those  normal  to  the  missile  flight  path  angle.  Current 
air-to-air  missile  control  the  angular  rate  change  by  pulling  angle  of 
attack,  which  provides  an  aerodynamic  lift  force. 


m 

s 


A  different,  and  possibly  more  desirable,  method  of  providing 
the  forces  to  change  the  flight  path  angle  is  by  TVC  system  and  propulsion 
thrust,  or  a  combination  of  lift  and  TVC.  The  thrust  magnitude  proportional- 
to-commanded  turning  race  can  be  used  in  simulation  of  advanced  air-to-air 
missile  TVC  and  TMC  propulsion  systems. 


The  control  equation  is  as  follows: 


Fc-<«/i8o;Kct,RrNW, 


where  0  is  the  commanded  pitch  rate,  ^  is  the  commended  yaw  rate,  F^, 
is  the  nominal  delivered  thrust  and  KCpj,  is  the  thrust  magnitude  proportional 
to  commanded  turning  rate  system  gain.  This  gain  will  be  input  in  the 


thrust  mode  control  table  as  C. 


Fyj' 


4 

> 

A 


S4 


a 

M 
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d.  Minimum  Velocity 

If  iy  =4,  the  trajectory  will  use  the  thrust  time  history  input 
into  the  trajectory  program  when  the  value  o'  velocity  is  greater  than  the 
minimum  specified  value;  if  the  input  thrust  produces  velocity  less  than  the 
specified  value,  the  thrust  will  be  modulated  to  a  value  adequate  to 
maintain  the  missile  specified  minimum  velocity.  The  following  logic  will 
be  used  to  perform  this  control.  The  command  thrust  is 

F 

c 

The  control  law  presented  in  Fy  =  l  is  that  used  for  V  ,5V.  and  V  is 
r  ev>  c>  cv 

the  imput  minimum  velocity  value  set  in  the  TMC  table  as  MIN.  is 


N 


If  V  <  V 
cv  e 


F+K  (V  -V)  If  V  .  5  V 

c  cv  cv  e  cv  e 


the  nominal  thrust. 


e.  Constrained  Dynamic  Pressure  Profile 

If  Fy  =  5,  the  thrust  shall  be  commanded  to  constrain 

the  dynamic  pressure  between  an  upper  and  lower  value  input  in  the  TMC 

cable  as  q  ,  and  q  .  The  missile  structural  loads  arc  established  by  “he 
min  max  1 

forces  and  moment  on  the  body  during  flight  in  the  atmosphere.  These  forces 
result  from  thrust  and  aerodynamics.  Or.e  of  the  severest,  structural  loads 
is  the  bo.nding  moments  caused  by  aerodynamic  life  which  is  proportional  to 
the  dynamic  pressure,  and  the  angle  of  attack.  Thus,  if  the  dynamic 
pressure  were  to  be  constrained  to  be  less  than  some  .\pecified  value  by 
using  thrust  magnitude  controls,  the  missile  critical  loads  could  he 
controlled.  For  aii-to-air  missiles  depending  on  aerodynamic  surfaces  for 
lift  and  for  control;  a  desirable  property  of  the  propulsion  system  is  that 
it  be  capable  of  providing  enough  thrust  to  keep  the  vehicle  from  "stalling 
out".  A  thrust  magnitude  control  to  guarantee  a  minimum  dynamic  pressure 
vill  prevent  this  stall  condition.  Hie  control  equations  tor  the  specified 
thrust  for  a  constrained  dynamic  pressure  arc; 


F  =  F  +  K  (a  .  -  q)  +  r  V 

comm  c  cq  mm  cca 


!? 

* cqronx 


+  K 

cq 


<q, 


max 


n  ;  +  m  V 

ecq 


F 

c 


*  cqmin 
F 

cqmax 


?.?  q  =  q  wmd  FVT=  F  , 
min  N  cqmhi 

or  q_  £  q  and  F„=  F 

xnax  N  sqmax 

If  q  <  q_.  cr  F„  <  F 

Train  N  cqnyn 

If  q  i*  or  F. .  >  F 

~max  N  cqmay 
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The  command  acceleration  to  constrain  dynamic  pressure  is : 

/d  c  d  P  v  v 

V  =  "  -fir  9P~)V  sin  7i 

ecq  \  dh  dh  2P  ‘  e  ' x 

n  a 


where  d  C„/dh  is  the  change  in  the  speed  v '  sound  with  change  in  altitude, 

A 

d  P  /dh  is  the  change  in  atmospheric  pressure  with  change  in  altitude; 
both  are  a  function  of  altitude  and  arc  -valuated  in  the  Atmosphere 
Parameter  (F-l)  routine.  M  is  the  instantaneous  Mach  number,  Pfi  is 
the  instantaneous  atmospheric  pressure,  is  the  instantaneous  velocity  and 


7i  is  the  instantaneous  flight  path  angle,  where  F  is  the  thrus-:  required 


to  maintain  delineated  in  Fy  a  1  logic,  is  the  nominal  delivered 
thrust  and  K  is  t?:^  dynamic  pressure  error  gain. 


This  gain  error  term  will  nail  the  residual  dynamic  pressure  error. 
The  dynamic  pressure  error  gain  is: 


V  m 

K  =  - - 

c4  2  «  T5q 

the  time  constant  is: 


Otherwise 


is  the  control  frequency  of  the  controllable  motor  and  is 
system  gain  input'  in  the  TMC  tabic. 


the  control 
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f.  Axial  Acceleration  Proportional  to  Line— >f-Sight  Rate 

If  F  =6,  the  thrust  shall  be  commanded  so  that  the  axial  acceleration 

y 

is  proportional  to  the  line-of-sight  rate  between  the  attacking  missile 
and  its  target.  In  addition,  the  missile-to-target  distance  rate  shall  t>e 
maintained  less  than  a  specified  value.  For  an  air-to-air  missile,  complex 
guidance  and  control  logic  is  greatly  enhanced  by  a  propulsion  system  in 
which  the  axial  acceleration  is  proportional  to  the  line-of -sight  rate 
between  the  missile  and  the  target,  subject  to  the  constraint  of  minimum 
closing  rate  and  constrained  dynamic  pressure  bond. 

The  basic  philosophy  of  this  mode  of  TKC  is  that  the  flight  path 
changes  are  needed  only  wb*  n  changes  in  the  missile-target  collision  flight 
path  are  needed.  Thus,  if  the  missile  is  coasting  towards  the  target,  no 
thrust  is  needed  except  that  to  maintain  closing  rate.  The  trajectory  control 
forces  that  provide  time  rate  change  of  flight  path  angle  are  those  normal 
to  the  missile  flight  path  angle.  Thus,  when  the  target  performs  evasive 
maneuvers,  power  must  be  applied  to  change  the  missile  flight  path.  Current 
air-to-air  missiles  control  the  angular  rate  change  by  pulling  angle  of 
attack,  which  provides  an  aerodynamic  lift  force.  Advanced  systems  will 
provide  the  side  force  by  attitude  changes  with  TVC  systems.  *?cth  systems 
arc  greatly  improved  by  increased  thrust  during  the  turn.  The  constraint 
of  dynamic  pressure  will  assure,  on  the  lower  limit,  that  enough  aerodynamic 
control  force  is  available  to  provide  control  and  the  upper  limit,  that  the 
aerodynamic  bias  on  the  vehicle  will  not  cause  structural  failure.  This  tyj-o 
of  thrust  modulation  control  is  essentially  a  mixture  ot  (3)  pronortional-to- 
commanded  rate  profile,  (4)  minimum  velocity  during  coraannd  turn  profile,  ad 
(5)  constrained  dynamic  prcssuie  profile. 


265 


iiVW  i' I' Mi •' A- » . . .  . . . . « 


1- 


ftt  • 


The  commanded  thnist  to  provide  acceleration  proportional  to  LOS 


rate  is 


cALOS 


2  .  o  ^  /v 

Vc"  <’!/180)  (iMT  *W>  +F0 


where  K^gg  is  the  system  gain  set  equal  to  C  if  the  thrust  modulation 

control  table.  ,Ve  is  the  instantaneous  missile  velocity,  m  is  the  missile 

•  •  A 
mass,a  arid  A,,™, are  the  LOS  rates  in  pitch  and  yaw  respectively,  and  F 
MT  Ml  c 

is  the  thrust  required  to  maintain  constant  velocity  delineated  in  Fy  =  1. 


The  command  thrust  to  provide  a  minimum  missile  to  target  closing 

rate  is: 


Fcclos  Fc  +  Kcv  (RMTmin  “  ^iT5 


where  Kcv  is  the  velocity  error  gain  delineated  in  Fy  =  1,  ^vx^in  *s 

minimum  closing  velocity  input  in  the  thrust  aodulation  control  tabic  as 
» 

MIN,  and  is  the  time  rate  change  of  the  missile  to  target  distance. 


The  commanded  thrust  to  maintain  the  dynamic  nressure  is: 


F  -  F  +  K  (q  .  -  q)  +  m  V 

cqmm  c  cq  rntn  ‘  c 


and  the  commanded  thrust  to  maintain  the  dynamic  pressure  below  the  upper 
consti-_*pt  is: 


F  -  F  +  K  (q  -  q)  +  m  V 
cqmax  c  cq  max  ccq 
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D.  ATTITUDE  CONTROL  SYSTEM 


For  point  mass  sy items  (My  =  1  or  4)  the  achieved  attitude  is  identical  to 
the  commanded  attitude,  or 

0=0 
b  m 

h  =  ^m 

<t>.  =  4> 

b  m 

and  all  other  attitude  control  system  calculations  are  ignored. 

For  finite-mass  systems  (My  =  2  or  5),  the  achieved  missile  attitude  (the 
relation  between  the  b  and  i  systems  as  shown  in  Figure  18)  is  a  function  of  the 
angular  velocities  about  the  missile  center-of-gravity: 


* 

eb  =  (9b  cos  ^b  '  "b  sin  ,b)/  cos  ‘"b 
*b  =  Qb  sln  \  +  *»b  cos 


b  =  Pb  ’  9bsin<lb 

Initial  values  of  ^  and  ^  are  obtained  from  input. 

If  My  equals  1  or  4  and  Ty  =  8,  3,  10,  or  11  at  the  end  of  the  compute 


interval,  set: 


0  =  (9  “  0  •)  /  At  • 

m  'Wm0+1)  mj  cj 

* 

^m  ^m(j+l)  ^  ^cj 

^m  ^m(j+l)  ^mj^  ^^cj 
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where  Atcj  is  the  compute  interval 


P  =  o  +  0  sin  ib 
m  m  m 


Q  =0  cos  ft  cos<f>  +  $  sin# 

mm  m  m  m  m 

R  -ib  ctsd  -0  cos^j  sin0 

m  m  mm  ni  m 


Ph  =  P™ 

d  m 


Rb“Rr 


1.  PITCH  AND  YAW  THRUST  DEFLECTIONS 

Thrust  deflections  are  functions  of  missile  attitude  errors,  angular  velocities, 
and  steady  state  errors  and  whether  the  simulated  thrust  vector  control  system  is 
for  a  first  o*  second  order  transfer  function. 

a.  Attitude  Error  Angles — The  pitch  (A0^)  and  yaw  (A^)  attitude  errors  shown  in 
Figure23arethe  difference  between  the  achieved  and  desired  vehicle  attitude  and 
are  formulated  as  follow*  : 

A0b  =  arcsin  (-K^) 

Aji,  =  arcsin 


'90*  <  A8b.  £90° 


where  K  and  K  are  the  elements  oi  the  K-matrix  defined  by; 

XsJ 


H  “  [Am] K] 


b.  Autopilot  Control  Law — The  control  loop  diagram  depicting  those  control  laws 
arc  shown  on  Figure  22 . 

The  command  deflection  signals  are  determined  from 

fiPc  =  A0b  '  KltPQb  *Sp  * 
and 

5Yc  =  -KDY  ^  +  ^RY^b  *Sy  ^ 

where  K_  and  K  are  the  attitude  error  and  rate  gains,  respectively. 

DP*  Y  RPi  Y 

c.  TVC  Deflection  Angle  Achieved  to  Commanded  Transfer  Function — The  thrust 
vector  control  system  can  be  represented  by  a  zero  order,  first  order,  or  a  second 
order  transfer  function.  The  second  order  transfer  function  is  needed  if  the  tail-wag- 
dog  effect  of  a  gimbal  nozzle  is  to  be  simulated.  If  I  =  0  or  1^  =  0,  quasi-finite 
mass  calculations  are  used  for  gp  and  gy  respectively. 

The  following  differentia .  equations  and  logic  are  employed  ~ 

1.  Zero  order 

("c  ■  TC  =  °) 

8p’spc'  6P  =0  ^  0> 

6Y=6Yc.6y  =  0pz^0) 

gp  and  gy  are  obtained  by  n  erically  differentiating  gp  and  gy 


£.  First  order 


=  0  and  T 

c 


rc  &P+6P=6Pc’  and  gp  =  0(1^0) 
rc  hY  +  5y  =  6yc»  and  gy  =  0  {fz  *  0) 


2?0 


3,  Second  order 

(ui  *  0  and  I  =  o) 
pc  n  / 

Xp  +  2.0  £c  ojc  fip  +  wc  ftp  =  (Oc  6Pc  0Y  ^  0) 

6y  +  2-°  $c  wc  6y  +  4  6y  =4  6Yc  ®z  *  0) 

4.  Second  order,  including  tail- wag-dog  effect  ^  ^0,1  t  0) 

c  n 


«P+2-°«c<%6P+46P=“o't'Po+Qb  ll-0*[wn  V»/(,nM 


+  Wa\Zbb<1"^>/®eV  V°> 


6y  +  2-0 10  Wc  6y  ♦  4  fiY  ’<4  fiYc  +  *b  |  1'°  +  CVe  V^n  M! 


+  V„\b  PSO/ir^y  (T^O, 


Si 

4 


O 


Values  of  and  6_,  and  5_.  and  A„  ,  the  initial  values  of  the  pitch  and 
Po  Yo  Po  Yo 

yaw  thrust  vector  deflection  angles  and  angular  rates,  are  obtained  from  input  per 
stage  or  equated  to  the  values  existing  at  the  end  of  the  previous  mode  segment. 


h,y 

=  0,  the  logic  and  equations 

used  to 

determine  5 

pare: 

6p  = 

0  5p  =  e 

mdq/mptc 

If 

*5- 

0  and 

*W  ■ 

0 

MDQ^tIPHC 

If 

K$- 

1  and 

•w- 

0 

0 

If 

Ks“ 

2  and 

KPcf  * 

0 

6p  * 

!  <*,ckp)*(lb0/*) 

mdq/  ^PTC 

+  mfac 

ScP 

If 

kb- 

0  and 

'ScE  * 

0 

mdq/(mpkc 

+  mpac 

•  W 

If 

1  and 

^cE  * 

0 

^DQ^PAC 

If 

*8- 

2  and 

KPc  S* 

0 

and  h  S 

hg  and  h£  +  • 

-1 

0 

If 

*5" 

2  and 

Kpcf  * 

0 

and  outside  the 

atmosphere 
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If  I  =0  and  My  =  5,  the  logic  and  equations  used  for  5  are: 
^  Y 


fty  =  0, 


6y  "  0 


6y  -  C-^y>  +  (180/ Jt) 


mdr/mptc 

If 

K5  = 

0 

and 

Kycf 

3X 

0 

M£)R/Mmc 

If 

K5- 

1 

and 

Scf 

tt 

0 

0 

If 

K6  = 

2 

and 

Kycf 

m 

0 

MDR^JPTC 

+  myac  ' 

•  hc£> 

If 

K5a 

0 

and 

Kycf 

* 

0 

^PMC 

+  myac  • 

■  W 

If 

K6 

1 

and 

Kycf 

0 

“dR^YAC 

If 

K6  ’ 

2 

and 

Kycf 

* 

0 

and  h  S  hg  and  ^  -1 
If  Kg  «  2  and  Kycf  #  0 
and  outside  the  atmosphere 


Where  w  is  the  input  stage  control  system  forcing  frequency  for  the 
c 

thrust  vector  deflection  second  order  transfer  fraction,  t  is  the 

input  stage  control  system  time  constant  for  the  thrust  vector  deflection 

first-order  transfer  function,  £c  is  the  input  stage  control  system 

damping  ratio  for  the  thrust  vector  deflection  second  order  transfer 

function,  6pc  and  5^c  are  the  pitch  and  yaw  thrust  deflection  angle 

«  •  *•  •• 

commands,  6p  &  Bp  &  5^,  and  6p  &  By  are  the  pitch  and  yaw  thrust 
deflection  angles,  angular  rates,  and  angular  accelerations,  respectively, 
Wn  is  the  input  stage  movable  portion  nozzle  weight,  2^  is  the  movable 
portion  nozzle  center  of  gravity  gimbal  point  distance,  I  is  the  input 

stage  movable  portion  nozzle  moment  of  inertia  about  the  gimbal  point, 

•  • 

Qg  and  R^  are  the  pitch  and  yaw  missile  attitude  angular  acceleration, 
Y^and  Z^are  the  inerti.-  fissile  acceleration  positive  along  the 
pitch  axis  and  yaw  axis,  .  the  missile  gimbal  point  to  center  of 
gravity  distance. 
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d.  Autopilot  Gains— -Three  gain  zones  are  available  for  the  control  system  of  each 
stage.  Zone  durations  are  as  follows: 

Zone  1 
Zone  2 

thereafter  to  stage  termination  Zone  3 


from  stage  initiation  until  o'  » 

01  01 


until  og2  -  Kq2 


where  a  (i  =  2)  are  the  achieved  values  of  quantities  designated 

Gi 

?.  •  code  input  and  KGi  {i  =  1,  2)  are  the  input  zone  limits.  The  time 
•  <  rt  equality  occurs  is  always  computed. 


The  control  system  gains  per  gain  zone  and  stage  are 


as  follows: 


Pitch  Rotation  Reaction  Moment 


MPRR  *“  IYY  tv  +  lMPAD  “  MPaJ 


Yaw  Rotation  Reaction  Moment 


1ZZ  “v  +  iMYAD 


Pitch  Rotation  Damping  Moment  Integral 


IPRD  “  2  ^v  *YY  U\ 


Yaw  Rotation  Damping  Moment  Integral 


3 


4 


1YRD  “  2  XZZ  “v 


-  .  - ;«gii 


. . . . ,, . m . . . . . . . '»«V7 . * . . *’r . > . . . . . . . . . . . . . . . . . . . . 


Pitch  and  Yaw  Total  Thrust  Control  Moment  per  Radian  TVC  Deflection  Angle 


MFTC  “  F  "c 


Pitch  and  Yaw  Main  Thrust  Control  Moment  per  Radian  TVC  Deflection  Angle 


"fmc  "  fm  K 


Pitch  Aerodynamic  Control  Moment  per  Radian  Fin  Deflection  Angle 


«PAC  '  °U  ’  SF, 


Yaw  Aerodynamic  Control  Moment  per  Radian  Fin  Deflection  Angle 


myac-  mpac 


Pitch  Aerodynamic  Disturbing  Moment  per  Radian  Angle  of  Attack 


"pad  *  <i80/*>  csi  «  sm,  K  *C|> 


Yaw  Aerodynumic  Disturbing  Moment  per  Radian  Angle  of  Attack 


^YAD  ^PAD 


274 


Pitch  Attitude  Error  Gain 
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Pitcn  Angle  of  Attack  Gain 


0 

^PAD  "  “e&C^^PIC  +  MPAC 

^PAD  “  MPAC)/(KIMC  +  MPAC 
0 

^AD  '  ^PAC^^AC* 


If  h  =  °  °r  fGi  "  1 
*  KPcf)  lf  fGi  2  and  »  0 

’  KPcf>  If  fGi  “  2  -“<*  Kg  -  1 
If  fg^  =  2  a:,d  =  2  and  7 

If  fc>,  =  2  and  =  2 


If  f. 


Gi 


=  0 


7aw  Angle  of  Side  Slip  Gain 


IY 


0 

^ad  '  “yac^^ptc  +  “yac 

^AD  "  MYAC)/<MPHC  +  ^YAC 
0 

(MYAD  "  “xAC^^AC* 


if  \  “  0  or  fGi  »  1 

KYcf)  If  fGi  *  2  and  -  0 

KYcf)  If  fGi  “  2  and  S  ‘  1 
If  fGi  »  2  and  K<j  =  2  and  V 

If  f 

Gi  =  2  and  K<5  =  2 


Pitch  Attitude  Rate  Gain 


KRP 


0 

if  XY  a  0 

iprd//mfic 

if  4  0  and  Kg  a  0  aha  Kpc^  *  0 

iprd,/mpmc 

If  fGi  *  0  and  Kg  «  1  and  Kpcf  «  0 

u 

If  fQi  4  0  and  Kg  *  2  and  Kpcf  *  0 

IPRD/(MPTC  +  *PAc  *  KPcf> 

If  fGi  ^  0  and  Kg  -  0  and  Kpcf  4  0 

IPRD/-IPMC  +  MPAC  ’  KPcf> 

If  fGi  4  0  and  Kg  «  1  and  Kpcf  4  0 

0 

If  fGI  ^  0  and  =  2  and  K,,  4  0 

and  V  =  0  C 

a 

Srd^ac 

!f  fGi  J*  0  and  »  2  and  Kp  4  0 

^Pi 


Yaw  Attitude  Rate  Gain 

0 

iyrd/mptc 

IYR9/MIMC 
0 


y 

HY 


IYRD/(MPTC  +  “yac  *  KYcf) 
IYRD/(MEMG  +  ^YAG  *  KYcf> 


IYRD^'Sfi 


AC 


“rYI 


Otherwise 


If 

I„ 

«# 

25 

0 

If 

fGi 

» 

T 

O  and 

IL 

o 

If 

fGl 

4 

0  and 

*6 

If 

fGi 

4 

0  and 

*5 

*Ycf> 

If 

fGi 

4 

0  and 

*Ycf> 

If 

fGi 

4 

0  and 

*5 

If 

fGi 

4 

0.  and 

and 

i  V 

a 

= 

0 

If 

£G. 

4 

0  and 

*s 

°  'md  ^Ycf 
2  and  « 


1  3X141  ‘Sfcf  “ 


fcf 

°  ^  hcf  * 

1  and  hcf  * 

2  and  Kycf  4 


-  e.  e 


■Srcf  <■ 


Otherwise 
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where  the  criteria  for  evaluating  vehicle  damping  ratio  and  the  vehicle 
control  frequency  are  given  in  section  D.l.e. 


Hie  following  parameters  are  limited  by  input: 


l*W*bf  5  L* 

I'V'bl  5  ^ 

|Spc!  S  L2 

lfYcl  S  W 

|6p!  s  Ls 

|6yl  «  I* 

|Bpl  *  L, 

|6yl  Si, 

|Spl  *  1>5 

iS*lSLw 

where  (j  =  1,  2,  . .»,  10)  are  input  for  each  stage.  If  a  limit 
is  zero,  then  no  limit  of  the  parameter  will  be  made. 

Hie  angular  velocities,  5p  and  6^  are  further  limited  by  the 

following: 

If 

5p  *  L3,  then  6p  *  0 
or 

-  Lg,  then  6^  *  0 


27S 


2. 


ROLL  CONTROL 


The  s inflated  roll  control  system  discussed  below  assumes  either 
a  power  source  from  the  main  propulsive  one  (Figure  19),  or  aerodynamic  oc¬ 
troi  fins,  1/  Kj^,  =  0,  a  roll  system  does  not  exist.  If  =  1,  an 
auxiliary  thrust  control  system  is  operating  and  if  KRC  =  2  aerodynamic  fins 
provide  roll  control.  A  bang-bang  system  with  dead  band  is  simulated  if  KpR 
is  zero  and  a  proportional  system  is  simulated  if  KjjR  is  nonzero.  The  force 
signal  is  a  function  of  vehicle  roll  attitude  error,  angular  velocity,  and 
steady  state  error.  The  roll  control  equations  are  ignored  if  either 

M  i  5  or  I  is  zero 
>•  x 

a .  Roll  Attitude  Error  Angle 

The  roll  attitude  error  shown  in  Figure  23  is  determined  from 

A4>h  -  archtan  (K23  -  +  IC^) 


r.i80°<4<£b  <180° 

and  the  roll  attitude  error  rate  (not  integrated)  is 


H  *  Pm  -  Pb  +  'V21  +  VS l  -  Vl2  -  +  Kll> 

where  and  K^R  are  the  attitude  error  and  bias  gains  determined  from  input 

K. .*s  are  the  elements  of  the  K  matrix  and  P  ,  Q  ,  and  R  are  the  current 
lj  m  ra  m 

input  roll,  pitch,  and  yaw  commands,  respectively, 
b.  Auxiliary  Roll  Thrusters 


The  roll  conroan'*  signal  is  determined  from  one  of  the  following  if 


=  1 


Zero  Order  Thrusters 


I£  *DR  *  0  and  •Sr  -  «•  tken  rc  -  -  Wb 
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First  Order  Thrusters 


I£  Sr  *  0  and  KiR  *  °-  then  K  ‘  VH  -  Vb  +  “ir4^ 


and  ?c  is  the  integral  of  F£. 


Bang-Bang  Thrusters  (K^R  *=  0) 

Fc  "  *T  f1  st8n  (Fd  "  F4  U  -  D  U  +  1  •  sign  FD)/2]j 

1 

+  1  •  sign  |Fp  +  F^  [l  +  D  (1  4  1  -  sign  FQ> / 2] |J 

where  the  rate  gain,  K^,  the  dead  band  control  quantity,  F. ,  and  the 
hysteresis,  D,  are  determined  from  input  and  if  Fc  is  integrated  to  obtain 
Fc,  then  its  initial  value  at  stage  initiation  is  obtained  from  input.  The 
phase  plane  signal  and  derivative  (not  integrated)  are 


FD  -  •  Vb 

m  » 

F_  a  £&,  ~  K  P, 
D  b  RR  b 


The  roll  coninand  signal  is  limited  if  LRc  f  0  such  that 


lFcl  * 


where  L^c  is  determined  from  input. 


The  achieved  roll  thrust  level  is  computed  from 


FR  *  *«-  FR)/tR 


where  the  roll  control  tfc.se  constant,  tr  is  determined  from  input  and  the 
initial  value  at  stage  initiation  is  obtained  from  input. 


Three  sets  of  roll  control  sysr.  t>f  remeters  can  be  input 
for  each  stage.  Values  are  determined  as  frlie*-: 


TR1 

V  FA*  D*  LRc*  TR2 

TR3 

vhere  *rRJ,  F  ,  Djf  L^,  ^  ^IRj,  and^Rj  and  4^3  are  input  for 
each  stage  and  vhere  i,R  is  the  roll  control  motor  lever  arm  shown  in 
Figure  1.5  and  used  in  the  angular  momenta  equation. 

Thrust  Control  Moment 


if  CR2  S  fcB  S  fcR3 
if  fcB  2  fcR3 


*tap  “  fr  *R 


c.  Roll  Control  Aerodynamic  Fins 

The  roll  command  signal  for  aerodynamic  control  fins  is  as 

follows : 


«m  t 

If  IR  r  0  and  *  2  the  following  differential  equations 
and  logic  are  employed: 

1.  Zero  Order  (o>c  *  r  **  0) 

*R  -  k  ’  ®Rc  a0d  \  '  ° 


:  2.  First  Order  (o>  ■  0  and  r  f  0) 

'  c  c 

xc\  +  V  6Rc>  and  *R  *  0 
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Second  Order  (fa  t  0) 


6r  *  2.0  5c«c5r  v  u*  6R  -  «J  6Rc 


Xf  I  *  0,  quasi-finite  mass  equations  aif  used: 

H. 


\  *  °»  SR  “  0  and 


6r  -  +  (iSO/ic) 

d.  Roll  Control  Gains 

Roll  Aerodynamic  Control  Moment  per  Radian  Fin  Deflection  Angle 

*W  *  2  <16W’')  "  SF2  CLz  V 


Roll  Rotation  Reaction  Moment 


MRRR  *  Xxx  “v 


Roll  Rotation  Damping  Moment  Integral 


I  *  2  t  I  u 
XRRD  xx  v 


Roll  Attitude  Error  Gain 


mrkr/mrac 

Kr«i 


I£  Ix  -  0 


If  *DRi  *  0  S  *SC  *  ° 


Otherwise 


Roll  Attitude  Rate  Gain 


if  ix.»  o 

If  ^RRi  c  0  and  #  0 
Otherwise 

kir  "  klr. 

Roll  control  commanded  Aerodynamic  Fin  Angle 
6RC  *  Sr  A<4>  "  Sr  Pb 


284 


2,.  MISSILE  LOCATION 


'Hie  vehicle  location  with  respect  to  a  spherical  earth 
is  defined.  Parameters  are  shown  in  Figure  24. 

Altitude  and  Earth  Centered  Coordinates 

Vehicle  altitude  and  rate  change  are  determined  from 
position  components  defined  in  an  earth  geocentric  coordinate 
system  as  follows: 


X 

cc 

X 

ee 

cos 

PL 

Z 

ee 

sin 

PL  + 

r 

e 

sin 

PL 

Y 

cc 

OK 

Y 

ee 

Z 

cc 

= 

X 

ee 

sin 

PL 

+ 

Z 

ee 

cos 

PL  “ 

r 

e 

cos 

PL 

X 

cc 

s 

X 

ee 

cos 

PL 

- 

« 
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ee 

sin 

PL 

*cc 

m 

• 

Y 

ee 

• 

Z 

cc 

SB 

*ee 

sin 

pL 

+ 

*ee 

cos 

PL 

where  the  launch  latitude,  p^,  and  the  earth  radius,  r£ ,  are 
input  and  position  components  X  ,  Y  ,  apd  Z  are  obtained 

6G  SO  66 

from  the  integration  of  the  linear  momenta  equations. 


Vehicle  distance  from  the  earth  center  is 

r  *  (X2  +  Y2  +  Z2  )* 
c  '  cc  cc  cc' 

r  -  (X  X  +  Y  Y  +  Z  Z  }/r 

c  cc  cc  cc  cc  cc  cc  c 

and  the  'Vehicle  altitude  and  rate  change  are 


h  *  r  -  r 
c  e 


* 

h  *  r,. 


285 


Heading  Azimuth,  Latitude  and  Longitude 
Vehicle  azimuth  in  the  launch  horizontal  pl&r.e  is 


If  Y  *  X  -  0 

i 

ee  ee 

t  -  . 

arctan  Y  /X 

Otherwise 

v ;  £h 

ee  ee 

0  S  <  360° 

Latitude  and  Longitude 

The  vehicle  latitude  is 


p  m  arcs  in  X  /r 
cc  c 


with 


-  90°  S  p  S  90° 

and  the  change  in  longitude  fr^n  launch  is 

p '  *  arctan  Y _ /-Z _ 

cc  cc 

with 


0  4*  <  360° 


The  longitude  is  defined  so  that  west  of  Greenwich, 
England  is  positive  and  east  is  negative.  The  longitude  is 


360°  +  -  p1 


If  -180°  <  ^  - 


Otherwise 


where  the  launch  longitude,  p^,  is  input. 


I 
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Ground  and  Slant  Ranges 


The  down  range-cross  range  coordinates  are  shown  in  Figure  25 
The  range  angle  is 

arcsin  (X2  +  1*  At  If  sin  4>  £  0.7 

ee  ee  c 


Larccos  (r  -  Z  „)/r  Otherwise 

s  e  ec  c 

with 


0S«  <  180° 
8 

and  the  ground  range  is 


3s  -  («/180)re  ♦, 

The  cross  range  angle  is 

l  «  arcsin  [(Yfie  cos  -  Xge  sin 

.  (180/Jt)(Yee  cos  *t  -  Xee  sin  -  rc  sin  £) 

^  r  cos  t 

c  * 


where 


-  90s  <  ^  5  90° 
the  cross  range  is 

Sc  -  (jt/180)  re  5 

Sc  «*  (it/ 180)  re  i 
the  down  range  angle  is 

0  *  r.rctan  [(X  cos  +  Y  sin  #,)/$:  -  Z  )] 
ee  r  ee  i  e  ee  J 


<f  «*  (180/jt)  f  (i  cos  $ .  +  Y  sin  t. )  cos2  #  Z  sin  $  cos  $]/ 
ee  i  ee  i  cc 


<re  -  Zee> 


where 


-  180“  <  <t>  £  180° 


the  down  range  is 


S  -  (if/180)  rg  $ 


S  *  (jt/180)  re  4> 


F.  FLIGHT  ENVIRONMENT  AND  FORCES 

Parameters  which  define  the  vehicle  flight  environment  and 
aerodynamic  forces  are  f'  en  below. 

1.  Atmosphereic  Parameters 

The  ambient  pressure ,.  Pa,  the  spaed  of  sound,  Ca,  the  partial 
derivative  of  ambient  pressure  with  altitude,  dP/dh,  and,' the  partial 
derivative  of  the  speed  of  sound  with  altitude,  /dh,  are  functions  of 

a 

the  mixxile  altitude,  h,  and  the  formulas  and  constants  contained  in 
National  Aeronautics  and  Space  Administration.  "U.S.  Standard  Atmosphere, 
1962". 


a*  Speed  of  Sound,  ft /sec 

If  h  s  -  16,391.307 

If  h  5  2,296,587.9 
Otherwise 

where 


1,177.7301 


3,417.9390 


Jcl 


Gpz  =  2403.1756 
Temperature  Gradient,  °R/ft 


S 


B 


r 

0.0 

0.0 

HiBq-m  “  ^MBi 
hB(i+i)  ‘  hBi 


Ifh  S  -  16,391.307 
If  h  5  2,296,587.9 

Otherwise 


Temperature.,  °R 

"  ^HBi  +  SB  &  '  hBi* 
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The  values  of  l^g  and  hg  are  given  in  the  table  at  the  end  of 

this  section.  The  index  value  i  is  set  such  that  h.,.  S  h  . . 

Bi  B(i+1) 

b.  Partial  Derivative  of  the  Speed  of  Sound  with  Altitude, (1 /sec) 


dC 

a 

ST 


0.0 

If  h  5  -  16,391.307 

0.0 

If  h  £  2,296,587.9 

gr 7  sn 

2  C 

Otherwise 

Ambient  Pressure,  lb /ft2 


3711.0756 
2.4891  x  10“9 


P  3 
a 


If  h  5  -  16,391.307 
If  h  >  2,296,587.9 


PBe 


^GM  -  h> 

R*  <sb*b  -v«h 


^MGM  “B 


X 


*B  'Sb  -  V  +  W 


"SlB 


R*  <sbrb  -  W* 


where 


R  «  h  +  Rz 
*B  -  hB  +  *Z 


ZMXGM  =  40- 80696  x  10 
R^,  *  20, $25 ,780. 

R*  -  49718.9585 


16 


and 


^iGM  “  ^MXGM  X  \ 
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d 


Partial  Derivative  of  Ambient  Pressure  with  Altitude  (lb/fts) 


a  pa 

“sr 


0.0  If  h  5-  16,391.307 

0.0  If  h  g  2,296,587.9 


^ICM _ 

a  -  wr* 


7-HGH  (  SB 

R*  <sbrb  -  W*  'sb  <•> 


Otherwise 
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. . . . . j'Sll'ildflftlfii  : 


e.  U.  S.  Standard  Atmosphere  Altitude  -  Temperature  -  Pressure  Table 


Altitude , 

V  ft 

Temperature 

W  °R 

Pressure, 

PB,  Ih/ft2 

Correction 
ZK,  dim 

-16,391.307 

577.17 

3711.0756 

1.00000969 

0.0 

518.67 

2116.22 

1.00006922 

36,151.798 

389.97 

472.68122 

0.99997683 

65,823.897 

389.97 

114.3456 

0.999948S1 

105,518.46 

411.57 

18.12897 

0.9998846 0 

155,348.08 

487.17 

2.3163292 

0.99994118 

172,010.76 

487.17 

1.2322622 

0.99994953 

202,070.31 

454.77 

0.38032587 

1.0G007811 

262,447.98 

325.17 

2.1673089  x  10“2 

0.99990452 

295,275.55 

325.17 

3.433025  x  10~s 

0.99988145 

328,083.99 

379.17 

6.28115  x  lO’4 

0.99987195 

360,892.39 

469.17 

1.5360  x  10”4 

0.99984532 

393,700.79 

649.17 

5.266?  x  10“5 

0.999S3723 

492,125.98 

1729.17 

1.0572  x  10"5 

0.99994038 

524,934.38 

1999.*" 

7.7157  x  10“3 

0.99979481 

557,742.78 

2179.17 

5.8325  x  10-6 

0.9997821? 

623,359.58 

2431.17 

3.5197  x  10"6 

0.99978447 

754,593.18 

2791.17 

1.4537  x  If* 

0.99908987 

984.251.97 

3295.17 

3.9345  x  10' T 

0.99939327 

1, 312,336. C 

3889.17 

8.4177  x  lO-8 

0.9994493.1 

1,640,419.9 

4357.17 

2.2885  x  10“s 

0.99941075 

1,968,503.9 

4663.17 

7.2059  x  10~9 

0.99921789 

2,296,587.9 

4861.17 

2.4391  x  10‘3 
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^ j 1  'll :  * h 


2.  Winds 

a.  Wind  Speed  and  Azimuth 

The  wind  velocity  is  a  function  of  vehicle  altitude  and  input  wind  speed, 

vw,  and  azimuth  &  .  The  wind  direction  is  directed  parallel  to  the  local  horizontal 

viiihrp  being  the  clockwise  angle  from  north  to  the  direction  the  wind  is  coming  from, 

w 

If  the  input  altitude  multiplier,  K. ,  is  2ero,  or  the  vehicle  is  outside  the 

a 

atmosphere 

v  »v  =  </j  =  $  =o  and 

W  WWW 


X  *  x 
aee  ee 


where  X  are  the  vehicle  velocity  components  with  respect  to 
ace  ? 

the  air  as  measured  in  the  3-system  and  X  the  still  air 

ee 

components « 


h  * 0  “d  *hhj 5 11 5  'S.Vi 


v,  *  KvIKh(hlVj+l>  *  h;«V  +  h<v»J  ‘  v»(3+l))1/(hj  ’  Vl)Ki. 

%  -  (i«)  -  V  V  +  h<*vj  -  W)>1/(hJ  •  V*t> 

If  h  >  K^hj  (J  denoting  the  last  input  where  J  *»  1,  2,  32), 

Chen  v„  -  ttvvJ  *nd  ^ 

If  h  <  r^hj.th.n  ,v  -  Kvvvl  and 

The  derivatives  ate  calculated  as 

v  •  (dv  /dh)h 

w  w 


»  (d^/dh)h 
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witn 


0  $  t  <  360° 


dv  /dh 

V 


0  If  h  <  K.  hj  or  h  >  K.h 

Kv<\.t)+l>  ‘  vvj>/IKh(hj+l  *  1  .»  Othervise 


d<r  /dh 


If  h  <  Kjhj  or  h  > 


*hhJ 


V^w(j-M)  *  ^wj)/[Kh(bj+l  *  hj>3  Otherwise 


where  v^,  #w  ^ ,  and  h^  (J  *  I,  2»  ....  12),  Kv>  and  are  input. 

b.  WincJ  Local  and  Launch  Centered  Cartesian  Coordinate 

The  Cartesian  components  of  wind  velocity  and  acceleration 
in  the  local  coordinate  system  (the  l^system)  are 


X  ,,  *»  -v  cos 
wll  w  v 


Y  , ■  -v  sin  £ 
wll  w  v 


Z  •  0 
wll 


\n  ~vw  cos  +  (k/180)  ^wvw  sin 
YwU  *  *vw  «ln  *w  -  (x/180)  cos  t, 


W  V 
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wll 


where  is  positive  north,  east,  and  along  the 

vector  connecting  the  missile  end  earth  center,  positive  down- 


From  Figure  2-1  ,  the  wind  velocity  components  in  the 
e-system  are 


\ee  "  *wll 


1 

^4 


a 


with 


- 

"" 

- 

— 

cos  pL 

0 

sin 

1 

0 

0 

cos 

P 

0  -sin  o 

[A1l  - 

0 

1 

0 

0 

COS  u' 

-sin  n' 

0 

1  0 

-sin  p.^ 

0 

cos 

*1 

0 

L 

sin  u’ 

cos  u' 

sin 

P 

0  cos  p 

where  is  the  input  latitude  and  p  and  p*  the  instantaneous 
vehicle  latitude  and  longitude  change,  respectively. 


£-5 

5 


§ 

-> 


.-:4 


m 
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Artificial  Wind  Profile 


\J 


The  MMRBM  TVC  design  wind  profile  is  constructed  from  Che 
input  specified  peak  wind  altitude,  hmxwd  (L0682).  This  artificial 
altitude-wind  velocity  table  is  set  into  the  wind  profile  table. 

The  final  and  initial  altitude  of  maximum  wind  shear  used  in  the 
TVC  duty  cycle  slow  rate  calculations  are  also  set. 


If  h 


mxwd 


>  0 


the  wind  profile  is  established  as 


mxwd 


240,000 


mxwd 


Altitudes  of  maximum  wind  shear 


If  hmxwd  >  2*°’00,) 
Otherwise 


ha  "  hmx»<l  +  3000 


h  .  -  3000 
mxwd 


Velocity  of  wind  shear 


If  hmxwd  <  3000 
Otherwise 


V  ,,  ■ 

V 

-  1,000 

s,. 

wlk 

woax 

Ik 

v  * 
vw3k 

V 

wmax 

-  3,000 

S3k 

V  « 

vv5k 

V 

wmax 

-  5,000 

S5k 

where  is  the  maximum  wind  velocity  and  S^,  S^,  and 

are  the  wind  shear  for  1,000,  3,000,  &  5,000  feet  depths 
respectively,  all  of  which  are  function  of  the  peak  wind 
altitude. 
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If  0  <  >U»d  *  1.000 

hj  -  0 

vl  ^  wlk  mxwd  Vwmax  ^Nnxwd 

-1,000)1/1000 

h2  "  hBXWd 

V  ,  -  V 
w2  wmax 

h3  •  "mcd  +  I-00® 

V  -  *  V 
w3  wlk 

h«  '  h«»d  +  3"°oo 

Vw4  *  Vv3k 

h5  *  hnitod  +  5"°00 

Vw5  *  Vv5k 

-  80,000 

Vw6  "  75 

h?  -  100,000 

Vw7  -  90 

hg  «  300,000 

VwS  -  90 

If  1.000  <hBXBd  S  3,000 

h,  -  0 

Vvl  *  *Vv3k  ^nacvd  -  1»000> 

“Vvlk  ^mxwd  '  3000)1/2,000 

h2  '  hwwd  *  I*000 

Vv2  “  Vvlk 

*  *\axvd 

Vw3  -  V«na* 

h*  ’  h«x»d  +  1.000 

Vw4  *  Vvlk 

h5  *  >Wvd  +  0.000 

Vw5  "  Vw3k 

Km  !• _ _  +  5,000 

V,  -  V  .. 

;mmn. 


h  -  300,000 

V^-30 

If  3.000  <*>mwa  5  5,000 

h.  a  0 

V»1  ’  IV«5k  '  3000) 

1 

-v„3k  <hmx.d  '  5000)1/2,000 

h2  ■  hmx»d  *  3,000 

Vv2  '  Vv3k 

»3  *  1W»d  *  1,000 

V»3  ’  Vwlk 

h«  ’  >Wd 

V  *  V 
w4  wraax 

h5  “  kn.xvd  +  1,000 

V»5  ‘  Vk 

h6  *  'Wd  +  3,000 

Vw6  *  Vw3k 

h7  ‘  hmxwd  +  5,000 

V»7  '  V»5k 

h_  *  80,000 

O 

VvS  ’  75 

-  100,000 

Vv,  -  90 

h1Q  -  300,000 

V„10  ’  90 

If  5,000  <  h,  $  10,000 

h7  ■  >Wd  +  3-000 

V  *  V  ~ 
vw7  w3k 

h8  ‘  hmxwd  +  5>00° 

Vw8  "  Vw5k 

hg  “  80,000 

Vw9  -  75 

h10  -  100,000 

Vwl0  “  90 

hll  “  300»000 

V  ..  a  90 
wll 

If  32,000  <  hijxwd  1=  A?., 000 

h.  »  0 

V  *  20 
wl 

h,  »  10,000 

o 

IT} 

U 

04 

>» 

h3  “  hraxwd  ~  5*00° 

Vw3  =  Vw5k 

h,  »  h  .  -  3,000 

4  raxwd 

Vw4  “  Vw3k 

hr  -  h  .  -  1,000 

5  raxwd 

Vw5  =  Vwlk 

^6  ^roxwd 

V  “V 
w6  wroax 

h7  ’  hmxvd  +  l-°°° 

V  *  V 

Vw7  wlk 

h8  ’  >Wa  +  3'°°° 

V»8  ‘  VvSk 

h9  -  *Wl  +  5>00° 

Vw9  '  Vv5k 

h1Q  -  80,000 

v  *  75 

wlQ  ' 3 

hu  -  100,000 

Vvn  *  90 

h12  *  300»000 

VwX2  *  90 

300 


If  h«*wd  >  42-0°0 


hj  »  0 

Vwl-20 

h2  *  10,000 

Vw2  *  50 

h3  '  *Wvd  -  5*°°0 

Vv3  “  VwSk 

h4  *  'Wd  -  3.000 

Vw4  *  Vw3k 

h5  *  \*vd  -  l*000 

V  _  »  V 
w5  wlk 

b6  bmxvd 

V  ,  *  V 
wo  vnax 

h7  *  bmxwd  +  1-000 

V  _«*  V 
w7  wlk 

h8  •  h„«vd  +  3-000 

V  _  *  V 
»S  w3k 

b9  *  hm»,d  +  3.000 

Vv9  "  U„5k 

h10  *  +  38>00tl 

V,-10  '  75 

hll  ■  hmxi  +  58.000 

»ull  -  90 

h12  "  300,000 

Vwl2  *  90 

Maximum  Wind  Velocity 

The  maximum  wind  velocity  is  a  tabular  function  of  the 
input  altitude  of  peak  winds.  The  table  is  linearly  interpolated 


Peak  Hind  Altitude 

h  ,,  feet 
mxwd* _ 


Maximum  Wind  Velocity 

V  ,  ft/sec 

wmax 


0 

92 

19,000 

210 

32,000 

348 

42,000 

348 

61,500 

197 

90,000 

197 

196,000 

590 

CO 

590 

Wind  Shears 


The  wind  envelope  shears  for  incremental  altitude  of  1,000, 
3,000,  and  5,000  feet  from  the  input  design  wind  altitude  (L682). 
Tables  for  the  shears  are  listed  at  1,000  feet  intervals,  starting 
at  zero  feet  altitude  and  ending  at  90,000  feet  altitude.  If 
Peak  Wind  Altitude  exceeds  90,000  feet  values  at  90,000  feet  are 
used.  The  table  is  linearly  interpolated. 


Wind  Shear  Table 


Peak  Wind 
Altitude 

>W  £c“ 

1,000  feet 

Slk,  1/sec  x  10^ 

Shear  Depth 

3,000  feet 

3 

S^,  l/sec  x  10 

5,000  feet 
S5k,  l/sec 

0 

.0425 

.0325 

.0145 

1,000 

.0409 

.6305 

.0153 

2,000 

.0393 

.0288 

.0161 

3,000 

.0378 

.0272 

.0168 

4,000 

.0362 

.0258 

.0173 

5,000 

.0348 

.0247 

.0177 

6,000 

.0348 

.0238 

.0179 

7,000 

.0321 

.0232 

.0178 

8,000 

.0308 

.0227 

.0175 

9,000 

.0296 

1 0224 

.0171 

10,000 

.0284 

.0222 
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Wind  Shear  Table  (Cont'd) 


Peak  Wind 
Altitude 

h  feet 

1,000  feet 

3 

S..,  i/ sec  x  10 

Shear  Depth 
3,000  feet 

3 

S0.  ,  l/see  x  10 

5.000  feet 

Sc.  ,  l/sec  x  10' 

LK 

•>K 

5k 

11,000 

.0273 

.0220 

.0164 

12,000 

.0263 

.0219 

.0161 

13,000 

.0253 

.0216 

.0158 

J.4,000 

.0244 

.0210 

.0156 

15,000 

.0237 

.0203 

.0158 

16,000 

.0230 

.0198 

.0163 

17,000 

.0226 

.0194 

.0169 

13,000 

.0226 

.0192 

.0176 

19,000 

.0232 

.0193 

.0183 

20,000 

.0226 

.0200 

.0190 

21,000 

.0271 

.0208 

.0197 

22,000 

.0300 

.0217 

.0203 

23,000 

.0311 

.0227 

.0210 

24,000 

.0318 

.0236 

.0216 

25,000 

.0324 

.0247 

.0223 

26,000 

.0331 

.0258 

.0230 

27,000 

.0341 

.0274 

.0236 

28,000 

.0360 

.0295 

.0245 

29,000 

.0487 

.0318 

.0258 

30,000 

.0550 

.0347 

.0235 

31,000 

.0588 _ 

.0384 

,0308 

32,000 

.0631 

.0432 

.0321 

33,000 

.0683 

.0478 

.0328 

34,000 

.0758 

.0501 

.0332 

35,000 

.0764 

.0503 

.0334 

36,000 

.0759 

,0482 

,0333 

37,000 

-.0744 

.0386 

.0330 

38,000 

.0707 

.0356 

.0325 

39,000 

.065i 

,0337 

.0316 

40,000 

,0562 

.0325 

.0300 

41,000 

,0487 

.0316 

.0277 
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Peak  Wind 
Altitude 


Wind  Shear  Table  (Cont'd) 

Shear  Depth 

1,000  feet  3,000  feet  5,000  feet 


hmxvd’  £eet 

Slk*  1^sec  x 

S^k*  1/see  x  103 

S5k,  1/sec 

42,000 

.0442 

.0308 

.0256 

43,000 

.0407 

.0303 

.0243 

44,000 

.0379 

.0299 

.0.235 

45,000 

.0359 

.0296 

.0228 

46,000 

.0346 

.0295 

.0222 

47,000 

.0338 

.0294 

.0217 

48,000 

.0336 

.0292 

.0212 

49,000 

.0342 

.0291 

.0207 

50,000 

.0363 

.0288 

.0202 

51,000 

.0397 

.0287 

,0198 

52,000 

.0428 

,0286 

.0195 

53,000 

.0440 

.0283 

.0191 

54,000 

,0442 

.0280 

.0187 

55,000 

.0432 

.0277 

.0183 

56,000 

.0423 

.0272 

.0179 

57,000 

.0411 

.0267 

.0175 

58,000 

.0389 

.0259 

.0171 

59,000 

.0368 

.0252 

.0168 

60,000 

.0348 

.0243 

.0164 

61,000 

,0327 

.0233 

.0160 

62,000 

.0308 

.0223 

.0157 

63,000 

.0291 

.0213 

.0153 

65,000 

.0275 

.0203 

.0149 

65,000 

,0262 

.0193 

.0146 

66, GOO 

.0249 

.0186 

.0143 

67,000 

.0239 

.0178 

.0140 

68,OGO 

.0231 

.0172 

.0137 

69,000 

.0223 

.0166 

.0134 

70,000 

.0217 

.0140 

.0131 

71,000 

.0213 

.0156 

.0128 

72,000 

.0209 

,0152 

.0126 
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Wind  Shear  Table  (Cont ' d ) 


Peak  Wind 
Altitude 

hmxvd’  feet 

1,000  feet 

3 

S^,  1/sec  x  10 

Shear  Depth 

3,000  feet 

3 

S^,  1/sec  x  10 

5,000  feet 
S5k,  1/ser 

73,000 

.0206 

.0148 

.0124 

74,000 

.0205 

.0145 

.0122 

75,000 

.0204 

.0142 

.0120 

76,000 

.0204 

.0139 

.0118 

77,000 

.0203 

.0136 

.0116 

78,000 

.0202 

.0133 

.0114 

79,000 

.0201 

.0131 

.0112 

80,000 

.0200 

.0128 

.0110 

81,000 

.0198 

.0126 

.0109 

82,000 

.0197 

.0124 

.0107 

83,000 

.0193 

.0122 

.0105 

84,000 

.0191 

.0119 

.0103 

85,000 

.0188 

.0117 

.0102 

86,000 

.0185 

.0113 

.0100 

87,000 

.0132 

.0110 

.0098 

88,000 

.0179 

.0107 

.0096 

89,000 

.0176 

.0103 

.0094 

90.000 

.0173 

.0100 

.0093 

CO 

.0173 

.0100 

.0093 
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3.  Angles  of  Attack  and  Side  Slip 

The  angles  of  attack  and  side  slip  are  shown  in  Figure  27. 
a.  Still  Air  Angies  of  Attack 


The  still  air  angles  of  attack  are  functions  of  the  component  of  missile  velocity 
in  the  b  system. 


VM'1  *,♦[«§ 


The  still  air  angle  of  attack  is 


a= 


r  ° 

iarctan  <"Zbb^Xbb) 


"xbb“V° 


Otherwise 


0  = 


r° 

larctan  (Ybb/Xbb) 


=  0 


Otherwise 


a' 


if  v  -  o 

e 


srccan  [[(Z^  +  xbb)'l/Xbbt  Otherwise 


f  - 


arclan  <Ybb/ V 


If  Ybb  =  Zbh  *  0 
Otherwise 


B  =  arctan  [Ybb  (xj  +  zjf1'2] 

The  vehicle  velocity  components  with  respect  to  the  air  are 


X  -  X  -  X 

aee  ee  we  2 


and  the  total  velocity  is 


V  -  (X?  +  Y*  +  Z*  )‘ 

a  v  aee  aee  aee' 


Angles  oi  Attack"  with  Winds 


Angles  of  attack  are  a  function  of  missile  velocity  with 
respect  to  air  and  missile  attitude.  The  components  of  missile 
velocity  in  the  b-system  are 


X  , ,  -  [D]”*  X 
abb  1  J  aee 


where  the  matrix  [D]  is  defined  in  Section  B.  l.b 


The  component  angles  of  attack  (see  Figure  27)  are 


a  = 


8  = 


a  If  outside  atmosphere  or  X  , ,  =  Z  . ,  =0 

abb  abb 

arct“  ^abt/^bb1 

[5  If  outside  atmosphere  or  X  .  =  Y  .  =  0 

1  abb  abb 

•  * 

arctan  (Y  . ,  /X  . . ) 

abo  abb 


-f 


If  outside  atmosphere  or  Y  , .  =  Z  ..=0 

abb  abb 


[  arctan  <Y  , ,  /Z  . . ) 
*■  •  abb  abb 
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with 


-180°  <a,  M  180° 

and  the  total  angle  of  attack  is 


ot 


If  outside  atmosphere 


arctan  <Zjbb  +  *Jbi>*/Xabb  Otherwise 


The  effective  angles  of  attack  used  to  compute  the 
aerodynamic  normal  forces  are  given  below.  These  values  account 
for  the  reduction  in  the  forces  as  the  angles  of  attack  move  from 
+  90  degrees  to  +  180  degrees.  The  values  are 


a 

if 

-90°  £  a  £  90° 

“e- 

180°  -  a 

If 

90°  <  «  S  180° 

-180°  -  a 

if 

"*80°  <  a  <  -90 

and 

& 

if 

-90°  ?  B  s  90“ 

180a  -  6 

if 

90°  <05  180° 

-180°  -  3 

if 

-180*  <  3  <  -90 

and 

- 

a' 

.  If 

OiflS  90° 

180°  -  ct 


Otherwise 


Time  Rate  Change  of  Angle  of  Attack 

The  time  rate  change  of  angle  of  attack  shall  be  calculated 
if  the  input  multiplier,  ^  0  and  the  mode  type  *  5. 
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Pitch 


O,  • 


Yaw 

B  - 


If  Zabb  “  Xabb  "  0 


(180/«KXabbZabb  *  Wabb>/<Xabb  +  Zrtb> 


I£  Yabb  *  x.bb  ‘  0 


(lSO/,HxabbYabb  -  iabbx.bb)/(XJbb  +  Y;bb) 


Otherwise 


Otherwise 


where  the  missile  velocity  components  with  respect  to  the 

surrounding  air  in  the  b-coordinate  directions,  are  given  in 
Section  F.  3.  a  and  the  corresponding  cotrponents  of  the  missile 
acceleration  are: 


[Dl-l  Xee  +  [i»-X 

Wi)  iu 


m1'1  [A,]  XvU  -  [D]->  [Aj]  XvU  -  [D]'1 


*  *»  * 
where  Xee  and  Xee  are  the  components  of  missile  velocity  and 

acceleration  in  a  right  handed  Cartesian  coordinate  system 

•  •  • 

located  at  the  launcher;  X  and  X  are  the  components  of 

wll  wll 

wind  acceleration  and  velocity  in  the  local  coordinate  system 
(the  1  system;  the  matrix  D  is  defined  in  section  B.  l.b  and 
the  tfme  derivative  of  the  inverse  is 


[D] 


-i 


-fAbl 


-i  r 


[A.]-*  {Aeo]-*+  rAfel'1  [A.] 


-1 


[A  J“,<1 

eo 


where  the  matrix  [A.]  which  rotates  the  inertial  axes  coordinate 

i 

components  from  the  i-systera  to  the  eo-svstera  is  defined  in 
section  B.  1.  b;  the  matrix  iAp<jJ  which  rotates  the  inertial  axes 
coordinate  components  from  the  eo-system  to  the  e-system  is 
defined  in  section  B.  l.band  the  time  derivative  cf  the  inverse 


sin  p^  0 


[A  ]_1  “  w 
1  eo 


•sin  p^  0 


-cos  p. 


[A  ]* 
1  eoJ 


cos  p 


where  u  is  the  input  magnitude  of  the  earth's  angular  velocity  and 
p k  io  the  input  launcher  latitude. 

The  matrix  [A^J  which  rotates  the  inertial  axes  coordinate 
components  from  the  b-system  to  the  i-system  *s  defined  in 
Section  B.  1. b  and  the  time  derivative  of  the  inverse  is 


ccs  p.  0 


where  P^.  and  are  the  instantaneous  vehicle  angular 
velocities  in  roll,  pitch,  and  yaw  respectively. 

The  matrix  [A^]  which  rotates  the  axes  components  from  the 
1-system  to  the  3-system  is  defined  in  Section  F.  2. b and  the 

time  derivative  is 

* 

r  1  r  i 

0  sin  p^  0  0  cos  p ^  sin  u'  -cos  w'  j 

[Aj )(k/180)s4  (1  *  -sin  p^  0  -cos  pj  +  P  -cos  pL  sin  u’  0  sin  p^  sinujta^j 


-sin  sin  a'  0 


where  time  rate  change  of  vehicle  longitude  change  from  the 
launcher  and  vehicle  latitude  are 


u*  -  <180/x)(Z  Y  -  Y  Z  )/(Yp  +  ?P  ) 
•  '  -/v  cc  cc  cc  cc  cc  cc 


•  .  ,  •  V 

p  -  (180/x) fX  (Y?  T  Zr  )  -  ’/  X  Y  -  Z  X  Z  j/ fr^CY5*  +  7?  KJ 

v  '  cc  cc  cc  ce  cc  cc  cc  cc  cc*  1  c  cc  *  cc7 


where  X  and  X  are  the  earth’s  geocentric  coordinate  system 
cc  cc 

vector  and  time  derivative  respectively. 

The  rate  change  of  the  missile  velocity  components  is 


thu 


.  [D]'1  X  +  [D]"1  X 

b  ee  ee 


Pitch 


0  I£  V  '  ’H.b ' 0 

°  l  <i80'*>  v 1  +  &> 


Yaw 


0  lf 

(180/,)  ,Vbb  -  VbJ4b)  /  <4  +  V£b) 


are  calculated  only  if  =  10  or  11. 
Mach  Number  and  Dynamic  Pressure 


The  Mach  number  is 

M  =  V  /C 
a  a 


and  dynamic  pressure  is 


G.  AERODYNAMIC  CHARACTERISTICS 


The  aerodynamic  force  and  moments  are  contained  here.  The  aerodynamic 
representative  is  applicable  only  to  a  symmetrical  body  about  the  longitudinal 
axis. 


1.  Aerodynamic  Stages 

There  are  four  aerodynamic  stages.  All  aerodynamic 
characteristics  ere  input  as  functions  of  Mach  nunfcer.  The 
Mach  numbers  are  input  monotonically  increasing.  The  following 
logic  and  comments  app.y  to  all  parameters: 

If  |M|  s  Mj 

where  M^  is  the  first  input  Mach  number,  then  the  coefficients 
are  held  at  the  first  input  values. 

If  }m|  S  Mj 

where  M  (J  *  1,  2,  ...»  15)  is  the  last  input  Mach  number,  then 

J 

the  coefficients  are  held  at  the  last  input  values. 


a.  Eody  Axial  Force 


A  maximum  of  fifteen  axial  force  coefficients  cau  be  input 
per  stage.  The  a-;ial  force  multiplier  is 


1.0 


If 


Otherwise 


The  axial  force  during  the  current  stage  is 


C  “  SRC  q  CA  St  lcos  cos  ® 

Where  S^c  and  C£  are  input. 


The  axial  force  coefficient  for 


L, 


) 


Mj  S  |M  |  S  Mj+1 


is 


C, 

A\ 


CA(j+l)  "  Kj+1  CAj  +  [CAj 
-  Mi+1>  +  CBN 

CCA 


CA(j+l)]M^ 
if  let!  s  90 
Otherwise 


Where  and  its  corresponding  Mach  number  Mj  (not  necessarily 
the  same  Mach  numbers  as  those  for  the  normal  force)  are  input. 


. 


The  added  aerody. amic  base  drag  coef ficienc  due  to  nozzles  not 
thrusting  is 


CM  ~ 


(CBAM  +  C6AC>  CED/2'0 


if  KgD  ■  1  or  2  and 
FM  >  °  or  Fc  >  ° 
Otherwise 


Area  coefficient  for  main  motor 


Km^rc 


If  Fm  -  0  and  Kjj,  *  1 


Otherwise 


Area  coefficient  for  coraplaxnentary  motor 


lAe(/?RC 


If  Fc  -  0  and  Kj,,  1*  2 


Otherwise 


Generalized  base  drag  coefficient 

0.79996568  +  0.28892727  jM|  -  10.60569  M*  +  105.77183  jMj3 
-486.47910  M4  +  943.6044  |M  j5  -  647.72025  M®  if  |m}  <  0.5 

3.4709  -  26.428040  |m|  +  102.16591  M*  -  213.47669  |m|® 

4-247.78677  M4  -  150.51554  |m{5  +  37.510830  M®  if  0.5  S  |M |  <  1.0 

41.375203  -  153.36892  |h|  +  238.07985  M*  -  198.19504  jMjs 
+  92.924624  M4  -  23.211652  (m|5  +  2.4099132  M®  if  1.0  S  |m|  <  2.0 

0.34063761  -  0.95438446  [m|  -  0.01990222  K*  +  0.15989115  |m|3 
-0.0034737133  M4  +  0.00033548493  (k|s  -  0.000012362510  «® 

if  2.0  i  jM|  <7.0 


0.007  -  0.007  |M| 


if  7.0  *  |m|  <  10.0 


if  10.0  S  |mJ 


1  c 


) 


"CA 


The  drag  coefficient  at  180°  angle  of  attack 


0.85  +  0.02076766  |H } 


if  |m|  <  0.60 


1.7337905  -  2.8023463  |Mj  +  2.2502164  H*  if  0.060  i  |m|  <  1.00 

-  1.8550591  +  5.1110871  {m|  -  2.4796399  M* 

+  0.40418455  jMj3  if  1.00  S  {M |  ..  2.14 


1.688 


if  2.14  *  |M| 


where  A  ...  and  A  _  are  the  input  nozzle  exit  areas  for  the  main  motor  and 
eM  eC 

complementary  motor,  respectively,  and  .?c  are  the  delivered  thrusts  of 
the  main  motor  and  complementary  motor  respectively ,  is  the  input 
aerodynamic  axial  force  coefficient  reference ,  M  is  the  Mach  number ,  and  K3D 
is  the  input  base  drag  suppression  flag  input  in  Lkl08. 

b.  Body  Normal  Forces  Due  to  Angles  of  Attack 

A  maximum  of  fifteen  normal  force  coefficients  can  be 

input  per  stage. 


The  normal  force  multiplier  is 


1.0  if  %  «  0 

Otherwise 

The  normal  force  for  the  current  stage  is: 


***  SRNg  S 5  ‘',1E 


N3  "  SR»S  °Ii  5  cos  e 


where  e  is  the  bank  angle. 
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where  SRN  is  input  and  CN  is  defined  as  follows 

Si  °4  +  S2°E  Kl  +  S3  <4  U  spp  -  0 
S  “ 

Si  +  [(spf/srn5ccn  “  (wo/jcKK/ax^]  sin  e^. 

_  fs^n  I  Otherwise 

The  coefficients  for 

Mj  £  |Mi  5  Mj  +  t 

are 

Si  ^Mj  Sl(j+1)  Mj+1  Slj  +  *Sij  *  Sl(j+l)lMV(Mj  “  Mj+1> 

S?.  =  {Hj  S2(j+1)  "  Vl  S2j  +  [S2j  ‘  S2(j+l)]M)/<Mj  "  Mj+1} 

S3 =  fMj  S3<j+i)  -  Vi  S3j  +  lS3j  -  S3c-i-i)]MJ/(Mj  ~  Vj} 

where  CN1 . ,  ,  and  and  their  corresponding  Mach  rnrnber 

Mj  (j  1>  2,  15)  are  input. 

Tiie  following  logic  apply: 

If  S'21  =  S22  =  °5  then 
V  a  0  £°r  all  M 

and  if  S31  =  S32  =  °>  then 

S3  =  0  for  all  M 
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where  C^,  0^2’  C^,  and  CN32  are  input. 

where  the  normal  force  coefficient  at  90*  angle  of  attack 


2  3 

0.84584966  +  0.32629796  Jm I  -  3.1030112  |KT  +  11.086155  |m}" 

-  16.513306  |M|4  +  9.3484993  |m!5  if  |m|  <0.9 
-628.76609  +  2,827.6544  |m{  -5,083.6157  |m|2  +  4,584.0631  jM | 

-2,070.4406  |M|4  +  374.70503 |m|5  if  0.9  <  |H|  <  1.2 

4.3744073  -  5.5002559  |m|+  4.1332796  JM j2  -  1.6453339  |H j3 

+  0.33668120  |M|4-  0. 026740990 |m|5  if  1.2  $  ImJ  <  2.2 

1.268  if  |M j  k  2.2 


c.  Aerodynamic  Normal  Force  Due  to  Damping 

Ihe  transverse  force,  positive  down  or  to  the  left,  attributable 
to  the  Vehicle  pitching  ».nd  yawing  and  to  rate  change  of  angle  of  attack  is 


If  V  »  0 
a 


’  SRN  CNt  Wq  Rb  +  Si»)/(2V 


N 


Pz 


If  V  =  0 
a 


n  c  r  e  (M  Q  +  M*  a)/(2V  ) 
q  SRN  N1  ^cp  1  Q  Hb  a  7  v  a' 


where  V  is  the  missile  velocity  with  respect  to  the  air,  Qfc  and 
are  the^issilc  angular  pitch  and  yaw  rates  respectively,  a  and  B  are 
the  angular  angle  of  attack  mte  in  pitch  and  yaw  respectively,  q  is 
the  dynamic  pressure  *cp  is  the  center  of  gravity  to  center  of  pressure 
distance,  CNl  is  the  linear  normal  force  coefficient,  and  S^,  Mp  and 
Ml  are  input. 
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d.  Aerodynamic  Fin  Force  Coefficient 


A  maximum  of  fifteen  aerodynamic  pitch  movable  fin  linear  fin 
lift  coefficients,  Clz,  nonlinear  fin  lift  coefficients,  Cjz,  drag  coefficient , 
Cdz  •  and  drag  due  to  lift  factor ,  K^z  can  be  input  per  stage. 

the  coefficient  for 


Kj  ‘  Nl 


let 


M  -  M 

Kint  *  — dtlL-L—  an,J  linearly  interpolate 

M(j+1)  ‘  Mj 


CL*  ’  \z  lKint  S.zfj+l)  +  (1  *  Kint)  CLtj5 

Clz  "  Clz  [Kint  Clz (j+1 )  +  (1  ’  Klnt>  Cizj] 

%z  "  Sz  fKint  CDz(j+l)  +  (l  *  Kint3  Szj1 

"Lz  “  hz  3Kint  Wl)  +  »  -  *i„t>  *UjJ 


there  C^,  Cl*j»  Szj’  *nd  *nd  their  corresponding  Mach 
numbers  <j  ■  1,  2,  IS)  are  input  in  the  same  table  vith 

the  pitch  aerodynamic  control  fin  center  of  pressure  data. 
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First  and  last  input  logic  for  the  aerodynamic  pitch 
movable  fin  force  coefficients  are 


°u 


c 


lz 


Sz  S.l  1£  <M1 

Sz  Szj  iC  !«!  >MJ 


Clz  Szl  i£  <M1 


Sz  SzJ  lf  '“I  >MJ 


Sz  Szl  if  <M1 
Sz  Szj  lf  |MI  >MJ 
SzS.i lf  |M!  <K1 

Sz  S*j  l£  >MJ 


where  the  subscript  1  refers  to  the  first  table  input  coefficient 
and  the  subscript  J  refers  tc  the  last  table  entry. 

The  coefficients  multipliers 


Sr  " 


c  ** 

cu 


1.0  if  -  0 


otherwise 


1.0  if  =  0 


Ct  '  otherwise 

lLZ 


1.0  if  Cjj^  -  0 


Cp^  otherwise 


1.0  if  X„;  -  0 


K_^  otherwise 


<*««  si- si-  »"a  si  *r* i,,pat 
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Aerodynamic  Fin  Forces 
Fin  angle  of  Attack 


acf3 

Kcf  ' 

> 

P 

acf* 

*  a  - 
cf 

+  & 
C,R 

'  °U 

acfp 

=  or  e 
cf 

"  *r 

^iR 

*  °he 

Scf‘  be 

”  Kcf 

5y 

f5cf^ 

"  Bcf 

+  br 

+ 

+  Cke 

*cf 

*Scf 

‘  *r 

"  °Jie 

where 

2  the 

Helix 

Angle 

of  attack 

where  the  lift  coefficient  is: 


“CLZ 

“cf,+ 

ctZ 

“efi 

-CLZ 

acf  r  + 

C1Z 

°cf  r 

<yz  *  Wu,  +  <W/2 

%  "  °L2  +CiZ  f'c£i  '“cfl1 

%  ’  CLZ  +  C«  !W 

AAA 


the  drag  coefficient  is: 

Szv+  °DZ  +  *LZ  CLZi 
Sz*  "  Sz  +  KLZ  CLZ? 
Sz  -  <Sz,  +  Szp)/2-° 


1 


f[Pb  (7T/180)  {^)/  fVen 


2.  Aerodynamic  Moments 


a.  Body  Center  of  Pressure 

A  maximum  of  fifteen  total  center  of  pressure  body  stations 
can  be  input. 

The  center  of  pressure  location  for 


M.  <  M  M.j.. 
J  J+l 


is 


X 


CP 


cp 


if  x  =0 
pc 


4  x  (sin  Ct)2  +  £ _ (cos  a)2  if  |ot|  90°  &  x^  1  0 


pc 


cp 


pc 


xpc  (sin  ai)*  +  (0.8  x£  +  0.2  xpc>  (cos  «)2  if  }cf|  >  90°  &  xp{. 


where  xpc  is  the  input  plan  form  area  centroid  body  station,  xp  is 
the  nozzle  exit  body  station,  and  n  is  the  angle  of  attack. 


where  $cp  Acp  ^MjXcp(j+l)  Mj+lXcpj  +  ^Xcpj  Xcp(j+1)^ 

Hl/Oij  -  Kj+1) 


where  x  .  and  H.  (j  =  1.  2,  ....  15)  and  X  arc  input, 
cpj  j  cp 
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..0  Otherwise 


The  center  of  pressure  and  normal  force  coefficient  values 
are  input  in  che  same  table.  The  Mach  numbers  are  input  monoton i cn ' ly 
increasing  so  the  <  M2  .  .  . 


First  and  last  input  logic  for  the  center  of  pressure  is 

X  .  If  M  <  M, 

cp  cpl 


X  = 
cp 


X  x  . 
cp  cpJ 


If  M  >  M, 


where  the  x  ^  and  and  the  xcpJ  and  M,  (J  =  l,  2,  ...»  or  15) 


are  the  first  and  last  input  values,  respectively. 


•' 1  ■ 


tm 13 


Pitching  and  Yawing  Damning  Coefficients 


The  aerodynamic  pitch  damping  moment  coefficients  are 


if  =  0 


2  2  2 
[SiQ  +  (2CNl/DRr;>f2xcp(XRQ  -  xcg>  '  xcg  +  XRQ3  oCherwise 

0  if  °RN  “  ° 

Sir*  = 

Sto  +  K«  (D!M)[2xcp<xW,  '  xcg>  ‘  xeg  +  x4'  °ther',ise 

A 

where  C^jq  and  are  the  unadjusted  aerodynamic  pitch  damping 

moment  coefficients,  is  the  linear  normal  force  coefficient, 

is  the  aerodynamic  center  of  pressure  body  station,  x 

is  the  vehicle  center  of  gravity  body  station,  xor,  an!  x„ 

KCJ  S ft 

are  the  reference  aerodynamic  pitch  damping  moment  body  stations. 


and  Kq,  K^,  are  input. 


Reference  Pitch  Damping  Body  Stat-ons 


The  reference  aerodynamic  pitch  damping  moment  body  stations  are 


*  Xcp  *RQ 


“  Scp  *&r 


where  x^,  and  x^;  are  input 


Unadjusted  Aerodynamic  Pitch  Damping  Moment  Coefficient 


A  maximum  of  ten  total  unadjusted  aerodynaaic  pitch  damping 
moment  coefficients  can  be  input. 

The  coefficients  for  M.  JS  Ik!  S  M.,,  are 

^!Q  "  MjSlQ(j+l)  "  Mj+lSiQj  +  [SiQj  ‘  SiQ(j+l)J  /(Hj  "  Mj+1) 
MjStfr<j+l)  "  Mj+lSfc  +  [Si*j  "  Wj+1)1  /<Mj  '  Mj+l* 

The  unadjusted  aerodynaaic  pitch  damping  moments  coefficient 
for  pitch  rate  and  angle  of  attack  rate  are  input  in  the  same 
table.  The  Mach  numbers  are  input  monotonically  increasing 
so  that  <  M2 .  .  . 

First  and  last  input  logic  for  the  unadjusted  aerodynamic 
pitch  damping  moment  coefficients  are 

<W  lf 

•Wq  ■ 

StQJ  if  ’M  ^  <  hJ 
*Wrl  if  |H'  <M1 

[W  i£  >MJ 

vhere  the  <^pr  and  ^  and  the  <^QJ,  C^,  and  M,  (J  » 

1,  2,  ...»  or  15)  are  the  first  and  last  input  values  respectively. 
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e.  Aerodynamic  Disturbing  Pitch  aiu,  aw  Moments 

The  moment*  due  to  the  aerodynamic  normal  forces  are: 


MC20  ‘  C  'tg 


^KSQ  f'"  1 


Z  cp 
r 


M 


NDQ 


If  V  -  0 
a 


h  SRN 


mnq  “  mczg  +  mnsq  +  hndq 

M. 


CYG  =  -C  y 


eg 


M  *  -N  t 
NSR  y  cp 


M 


NDR 


If  V  *  0 
a 


i’  sm  "V  (2VJ  P^WS.  +aifHa« 


M  =  M  +  M  +  M 
NR  CYG  NSR  nNDR 


M, 


m: 

If  MI  1*  0 

q 

Q 

1.0 

Otherwise 

Hi 

If  Mi  t  0 

o 

a 

l.o 

Otherwise 

M- 


K-_  *  N  y  -N  z 

z  7  eg  y  eg 

where  N-  and  KL  are  the  aerodynamic  static  normal  forces,  l  is  the 

A  4  cp 

center  of  pressure  lever  arm,  q,  is  the  dynamic  pressure,  V  is  the 
missile  velocity  with  respect  to  the  air,  C^p  and  are  the  aerodynamic 
pitch  damping  moment  derivative,  Q.  and  R,  are  the  missile  angular  pitch 

#  D  f) 

and  yaw  rates  respectively,  a  and  &  are  the  angular  angle  of  attack 
rates,  and  S^,,  D^,  Mp  and  are  the  input. 


327 


f.  Disturbing  Aerodynamic  Rolling  Moment  I 

w 

An  aerodynamic  rolling  moment  may  occur  when  the  missile  is 
not  &  body  of  revolution.  The  equations  given  below  are  developed 
considering  raceways,  but  can  be  applied  to  other  protuberances  as  well. 

Two  raceways  for  each  stage  can  be  defined.  Their  locations  (see 
Figure  19)  and  reference  areas  are  specitied  by  input.  The  aerodynamic 
characteristics  of  both  raceways  are  specified  by  a  single  set  of  normal 
force  coefficients.  A  maximum  of  10  normal  force  coefficients  versus 
Mach  number  can  be  Input  for  each  stage. 

If  the  input  roll  force  reference  area,  SRR1>  is  zero  for  the 
current  stage  or  there  is  no  atmosphere,  then  the  rolling 
moment  equations  are  ignored.  Otherwise,  the  rolling  moment  is: 


(7a/2)Pa  (lMRii  Mp.l  CRR1SRR1  rRl  + 

MRAP  =  .  • 

■Mr2  1  MR2  CRR2SRR2  rR2} 

where  the  reference  areas,  ,  and  the  center  of  pressure  radial 
locations  from  the  missile  centerline,  rR^  (i  =  1,  2),  are  input  and 
the  other  parameters  are  computed  as  follows: 

The  Mach  number  due  to  the  velocity  normal  to  the  i-th 
raceway  is: 


Mr,  -  C-Z^sin  -  Yabb  cos  »Ri)/Cs 


where  the  bank  angles  of  the  raceways,  are  input. 


The  instantaneous  normal  force  coefficient  for  M^  3  !mriI  3  M.+1  is: 


c  * 
°RR 


l**j  CRR(j+l)  ‘  Mj+1  CRRj  +  <CRRj  "  CRR(j+l)5  ^Ri^ 


(M.  -  Mj+1) 


where  C  .  (j  a  1,  2,  10)  and  its  corresponding  Mach  number,  M. 

RRj 

(not  necessarily  the  s^-.e  as  in  the  above  sections),  are  input. 
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g.  Pitch ,  Yaw  and  Roll  Control  Moments 

The  pitching  moment  due  Co  the  aerodynamic  control  force  is: 


M  *  N  •  / 
n6Q  62  %z 


where  N.  is  the  pitch  fin  normal  force,  and  t-.  is  the  pitch 
oz  oz 

movable  control  fin  center  of  pressure  to  center  of  gravity  distance. 


The  yawing  moment  due  to  the  aerodynamic  control  force  is : 


V  M  •  \ 

oR  6y 


where  is  the  yaw  fin  normal  force  and  is  the  yaw 
movable  control  fin  center  of  pressure  to  center  of  gravity  distance. 

The  -rolling  moment  due  to  the  aerodynamic  control  force  is : 


£  g  ^ 

M6P  ‘  -\o—  t(£lZl  *  W  C°S  +  '  W  °E 

+  <£Ljn  ‘  V>  C°E  BE  +  <%1  •  Vs'  Sl"  BE! 

where  is  the  fin  radial  center  of  pressure  to  missiie 

centerline,  Sp2  is  the  input  fin  reference  area,  c  is  the  dynamic 

pressure,  C^.  is  the  effective  angle  of  attack,  0g  is  the  effectivr  side 

slip  angle,  6.  and  C.  are  the  pitch  fin  lift  coefficients,  <L 
A "  i»zi  Lzz  a  a  ^y* 

and  are  the  yaw  fin  lift  coefficient,  CDzi  and  are  the 

pitch  fin  drag  coefficient  and  Cj^  and  are  the  yaw  fin  drag 

coefficient*. 
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The  torque  about  the  pitch  fin  hinge  axis  is : 


**hz  ^fz  **  CL2  ^hz 

where  is  the  pitch  movable  control  fin  center  of  t  “essyre 
•«z 

to  hinge  axis  distance 

M,  =  S_  q  C,  •  A 
ny  Fz  1  Ly  hz 

where  is  the  yaw  movable  control  fin  center  of  pressure 
to  hinge  axis  location. 


H.  MISSILE  THRUST  AND  WEIGHT 

1.  THRUST-WEIGHT  STAGES 

There  are  four  thrust-weight  stages.  Missile  thrust  is  computed  either 
from  input  vacuum  thrust ,  nozzle  exit  area,  and  atmospheric  pressure  or  from 
internal  ballistics.  Instantaneous  weight  is  a  function  of  input  stage  weight,  weight 
flow,  and  propellant  vacuum  specific  impulse.  There  are  two  thrust-weight  tables 
for  each  stage:  the  main  and  complementary  thrust-weight  tables.  These  two 
tables  allow  the  capability  of  simulating  the  simultaneous  operation  of  motors  hav¬ 
ing  different  characteristics  or  they  can  be  used  in  sequence.  Tv/enty-five  data 
points  can  be  input  in  each  table.  Under  the  internal  ballistics  option,  the  input 
main  thrust-weight  table  is  replaced  by  a  thrust  vs  time,  a  pressure  vs  time  or 
a  burning  area  vs  web  table. 

Total  axially  directed  thrust,  F,  is  computed  from  main  thrust,  F^,  and 
complementary  thrust,  Fc,  as  follows: 

F  ■  fm  +  Fc 

a.  Noninternai  Ballistics  Evaluation  of  Main  Thrust  Weight  Table — The  main 
thrust-weight  table  consists  of  the  following  inputs:  stage  termination  control  param¬ 
eters,  oy  k^:  total  vacuum  impulse  quantities,  1^;  main  stage  weight, 

WMO?  t*trust’  weight  flow  and  time  perturbation  factors,  K^,^,  K  ;  specific 

impulse,  I  nozzle  exit  area,  A^;  weight  carryover  flag,  KQ;  nozzle  separated 
flow  parameters,  C^,  y^,  C^,  uj,  a^  ,  c^,  and  a  maximum  of  25,  j  =  1,  2, .  .  25, 

monotonically  increasing  main  thrust  weight  switching  times,  t„(jl>  with  corresoond- 

ing  vacuum  thrust,  F,,  and  weight  flow,  W’  ... 

M  y)  My» 

An  adjusted  main  thrust-weight  table  of  6  parameters  and  a  maximum  of  25 
rows  is  generated  as  follows: 
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w*  > 


*.  j««areSfc3^K^**a*  %  s^s£«£USSh£  ^£|r5££^&*«^‘fSfSSi^§£g?£&£^^ 


Weight,  weight  flow  and  thrust  are  evaluated  as: 
weight  expended  for  main  motor 

A  * 

WM  “  «H<j)  +  ^i(j)  AtM  +  °'5  *M(j)  **$ 
weight  flow  rate 

-N  ^ 

“  *k(j)  +  \(j) 

vacuum  thrust 

A 

FMv  “  FM(j)  +  ^KjjASi 
where  j  is  such  that 

^  A 

t  ,  <  t  <  t 
M{j)-  B~lM0  +1) 

und 

MM  =  tB~*M(j) 

b.  Noninternal  Ballistics  Evaluation  of  Motor  Chamber  Pressure  and  Nozzle 

Vacuum  Pressure  Ratio — If  the  input  propellant  diameter  (D  )  is  less  than  or  equal 

P 

to  zero  and  the  nozzle  expansion  ratio  is  greater  than  1.0,  the  following  *"/gic 

is  used  to  establish  the  motor  chamber  pressure  (P  }  ~nd  the  nozzle  vacuum 

c 

pressure  ratio  (P  /P  ). 

C  6 

Nozzle  half  angle  momentum  correction  coefficient 
°  ^d  "  C1  cos  a<j^2’ 
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Nozzle  half  angle 


if  -  0 


Otherwise 


,<fhere  fltj  is  the  input  nozzle  half  angle. 
Opfiijcva  thrust  coefficient  (P^  **  P^) 

<T0‘  °d  11  -<fs'V'rd!* 


Chamber  pressure 


P  -  F 
c 


M,V{[VdCPO+‘/<P=/Pe>] 


Aem 


Nozzle  efficiency  coefficient 


If  C£  »  0 


Otherwise 


Where  is  the  input  nozzle  efficiency  coefficient 
Ratio  of  specific  heats  functional  constants 

**d  *  *  ^'^d 

%  -  (Crd  *  D/<rd  +  D]^t2/(?d  +  Dl  *1/<7<s  "  1)1 
Od  -  7d  W<76  -  Ul%(2/(yd  +1)1  [(7d  *  1)/[2(rd  '  1)13 
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1,18 


if  7^-0 


'd* 


Otherwise 


Where  is  the  input  exhaust  gas  ratio  of  specific  heats. 
Nozzle  expansion  ratio 


«  =Cd 

Pressure  ratio 


Solve  for  (P  /P  )  by  Nevton-Raphson  iteration  method 

C  6 

€d  "  Hd  (Pc/Pe)  a/  7d>11  -  <W"  T*]’k 
**  *Pc/Pe3(n)“R(n) 

R  -  (0.3953  +  2.781  7.)e.  <0*28563  +  0*8631  rd> 
o  a  a 

Algorithm 

R(n+1)  '  \n)  -  «*00,F'1\»)1  »  ‘  °>  l-  2-  - 

Where 

«*(„>!  ■^<R<n)la/r-1>  (  1  -  »<„))'  rd)'4  *  cd 

F'lR(n)l  'S4  <i/rd)  »(#)l*rd  (  i  -  »(n)r  rd  )'* 

-  (1/2)  Sd  ra  £R(njJ  *(2  rd>  f  1  -  [R(n)f  rd)‘3/2 

Terminate  iteration  if 

F[R(n)]/€d  <  0.000001 

Then  set 


(P./P  ) 

c  e 


Where  €d 


»  P. 


(n) 


input  nozzle  expansion  ratio 
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c.  Internal  Ballistic  Evaluation  of  Main  Thrust  Weight  Table — If  the  input  propellant 
diameter  (D^)  is  greater  than  zero,  the  following  equations  and  logic  are  used  to 
simulate  the  operation  of  a  single  chamber  controllable  motor. 


L-Number 

Symbol 

Definition 

Default 

L-kOOl 

D 

p 

Diameter  of  propellant,  in. 

0.Q 

L-k002 

r* 

blOOO 

Burning  rate  of  propellant,  at  1000  Ib/sq  in. 
chamber  pressure  and  flag  to  determine 
evaluation  option,  in. /sec 

0.0 

X-k013 

<d 

Nozzle  expansion  ratio,  dim 

0.0 

L-k014 

*d 

Ratio  of  specific  heats  of  the  rocket  motor 
exhaust  gases,  dim 

1.18 

L-k015 

CD 

Nozzle  efficiency  coefficient,  dim 

0.96 

K-k016 

“d 

Nozzle  effective  half  angle,  deg 

15 

L-K095 

*P 

Density  of  propellant,  lb/cu  in. 

0.065 

L-k096 

T 

W 

Web  fraction,  dim 

0.8 

L-k097 

n 

Burn  rate  exponent,  dim 

0.6 

L-k098 

ap 

Propellant  diffusivity,  sq  in.  /sec 

0.00027 

L-k099 

P 

max 

Maximum  allowable  chamber  pressure,  lb/sq  in. 

0.0 

L~k407 

wpc 

Pressure  control  frequency,  rad/sec 

0.0 

The  following  logic  will  initialize  the  following  tables  depending  on  the  input 

options:  (a)  Vacuum  Thrust-Time  Table,  i.e. ,  if  =  (b)  Chamber  Pressure- 

Time,  i.e, , 

if  r T 
blOOO 

<  0,  (c)  Surface  Area-Web  Depth  Fraction,  i.e. ,  if  r^1000  > 

1 

A 

‘mj 

A 

Time,  sec 

9 

FMj 

Vacuum  thrust,  lb 

3 

Pcj 

Chamber  pressure,  lb/sq  in. 

4 

Pcj 

Time  change  of  chamber  pressure,  lb/sq  in.  -sec 

5 

gwj 

Web  depth  fraction,  dim 

6 

Vcj 

Chamber  volume,  cu  in. 
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Tvmsvmii fgggm 


s  »  ’  ‘fi  e.  s  ‘M 


Expended  propellant  fraction,  dim 
Surface  area,  sq  in. 

Throat  extinguishment  area,  sq  in. 


In  addition  to  these  tabular  values,  the  following  constants  are  also  calculated: 


C**  Atref’  rbl000’  fwt’  Wp*  ^fM’  °ASl’  °AS2  and  CAS3 


A  ,  A  .  ,  P  and  P  . 
xmax  xmin  cmxa  cref 


Thrust  coefficient  route  (dim) 
Cf  =  f  ^d’  Cd’  °d^ 


Ratio  of  specific  heats  functional  constants 


rd  =  (yd  -  l)/yd 


V  [^d  "  l,/<yd  + 1’]  1/2  KdH  [1/<y<l‘l>] 
fld  ’  I'd  [*'  (yd  -  :>j 1/2  [2/V  »>]  ^d  + 1)7  [2<Vd " 


Pressure  ratio 


Solve  for  (pc-'pe)  %  Newton-Raphson  iteration  method 

c  =  z.  (p  /p )  (1/yd)  fi-  <p  /p  )  -r]  "1/2 

d  d  '  c  e  L  ee'  dj 

let  fp  /P  1  55  R  .  . 

L  o  ej  ^  U 

Rq  =  (0.3953  +  2.785yd)  *d  (0.28563  +  0.8631  yd> 


Algorithm 


W  /f’N  ,'0'1 


*  2»  ••• 
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Where 


-1/2 


Terminate  iteration  if 

|f  jk^]  /cd  <0.000001  or  l  =10 


then  set 

<Pc/Pe  =  *«.) 


Optimum  thrust  coefficient  (Pe  = 


Vacuum  thrust  coefficient  (Pd  =  0) 


P 

Cf  =  CD  *d  CF0  +  C  pc 


Characteristic  Velocity  (t't/scc) 


Reference  Throat  Area  (in2) 


AgM  x  144 


tref 


Web  Thickness  (in) 


£  =  t  D  /2 

wt  w  p 


Number  of  points  in  table  (dim) 


Set  J  such  that 


SlJ  >  SltH-l) 


or  when  table  is  full  J  =  25 


For  option  using  input  thrust  versus  time 


Lf  rbl000  *  0 


the  thrust  multiplier  logic  is  used  to  evaluate  the  adjusted  vacuum  thrust 

time  points  F,_,  and  t„. 

M  Mj 


Chamber  Pressure  (lb/in2) 


V  ,  -  F  . / f  A  r  *  Cr) 

c  j  M  j  tref  f ' 


.1  **"  i  j  •  >  •  j  »i 


The  total  impulse  (lb-see) 


J-i 


A  A 


IT1.  r*  '  f  fFM(j+l)  +  FHJ)(CM(j+l)  "  Sv 
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Burn  Rate  Coefficient  ([in/secj [in2/lb]n) 


f 

wt 


Where 


rb(jh) 


[P 


sum. 


n+1  -  p  n+li  [t  -  t  ] 

ci  1  tcMM+l)  ‘Hi1 

<"+1>  -  Pc,l 


If  p 


c(j+l) 


'  *  PCj 


31  .  *■  ^ 

rcj  iCM(j+n  "  Sij1 


Otherwise 


J 

"1 

»  \  T 

r  ‘rbj 

i=2 


Reference  Bun  Rate  at  1000  tv-  :  f .r  ’<>.■•) 


rbref 


a (1000)” 


Fraction  Web  Burnet!  at  Thrust  Time  Point  -  (Hir.’) 
*V1  *  ° 

_  j  ,  n  T 

^wj  ^(j-l)  fwt  rbj 

j=2,  ...J 
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1 .urtHfl 


W 


Fraction  Propellant  at  Thrust  Time  Points  (dim) 


S  *  0 


8PJ  =  S(j-l)  + 


j  =  2,  ...  J 


r£  *■  F  1  fL  -  t 

lM(j)  rl(i-l)  Nj  J- 


•?  5V  T 
— 


Total  Propellant  Weight  (lb) 


'WP  1tm/tspm 


Initial  Cbjonber  Volume  (in?) 


W  /  ( 1“T  >2  \ 

V  =  SL  < - 

cl  o  !  -  (1— r  * 

P  '» 


Chamber  Volume  at  Thrust  Time  Points  (in*') 


V  .  -  V  .  +  -1*  g  . 
ci  cl  pn  f,p.i 


•  ly  ...  ! 


Time  Rate  Change  of  Chamber  Pressure  Between  Thrust  Time  Points 
(lb/in2-  sec) 


!fpc(j+i)  “  pc]/lSuiAi)  "  V’J  If  Sin+i)  ?  lhj 


IIP  .....  -  P  1/ .000! 
I  c(i+l)  ct 


j  a  1,  ...,  J~l 

Last  point 

P  =0 
cj 


Otherwise 


Burn  Surface  Coefficients  (1/in),  (in2/sec),([lb/in2-secj (in2/lb]n) 


.  /vVd 

8e  V  2  ) 

~T.  C**  x  12 


^tref  8e 


CAS3  =  pp  3 


Su  face  Areas  (in2) 


AS1  =  (CAS2/CAS3)  F d' 


C  p  i 
AS1  cl  c,  ~AS2 

C  o  n 
AS3  'cj 


j  2,  J 

If  A„.  <  0,  A_.  is  set  to  zero 
Sj  Sj 


For  option  using  input  chamber  pressure  versus  time 


lf  rbl000  <  0 


Chamber  Pressxrre  (lb/ in2) 


Pcj  =  FMj  j  ~  l*  *  **’  J 
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Vacuum  Thrust  (lb) 


FMj  ~  Pcj  Atrcf  Cf  j  =  L*  —»  J 


Total  Impulse  (lb-sec) 


--ra  "-jw 

m  m 


lTH  °‘J  Kt  ).  (FM(i-»-l)  +  V|)(Sl(i+!)  ‘ 
j-l 


a-  -l 


The  initialization  parameters  arc  sot  as: 


I  *  -  0 

VT 


I  ’  =1 

VM  TM 


P*  -  0 
arm 


The  thrust  multiplier  logic  is  used  to  evaluate  the  adjusted  vacuum  thrust 

A  A 

time  points  and  t^  and  the  logic  in  the  option  using  the  input  thrust  versus  time 
is  used  to  evaluate  the  ballistic  parameters. 

For  option  using  input  Ag.  versus  g^ 


If  rhlG00  >  ° 


.  =  0 


Rwj  “  Stj 


j  =  2,  . . . ,  .1 


ASj  ~  FMj 


j  =  1,  ...»  J 
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burn  Rate  Coefficient  ([in/sec] [in2/lbj  ) 


*  *  rblG0</  (!000) 


Burn  Surface  Area  Coefficients  (1  /in), (in2/sec) ,  { (lb/in2-sec]  f ir.s  *' i H 1 n ) 


*d 


,+l 


CAS1 


'V  l~2~  ! 
12  ?t| 


Atref  8e 


AS2  C* 


AS3 


P„  a 


Chamber  Pressure  Coefficients 


\J 


CAS1  3 


'PCI  (n+1)  C 


AS  2 


C 


PC2 


ASX 

2 


””3 


AS3 

^AS2 


Initial  Chamber  Pressure  (lb/iu2) 


PC1"  <cpc:i*si> 


l 

1-n 
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Evaluating  V£.  ,  Pcj,  Pc-f  t‘Mj  at  ^  points 


The  following  calculations  are  performed  for  j  *  1,  J 


Incremental  Bum  Distance 


^bj  ”  {gwj+l  "  8wj*  fwt 


[teration  for  Chamber  Pressure,  i.e.,  P  v 

cNl+l) 


let 


k  iternt  ion  number 


V.„ 


F(P -  V.  +  C, 


ck'  ‘ck  '  WPCJ  ^ck  Pcj-1 

+  °PC2  *Pck  ~  Pcj  -1  *  ”  CPC3  AS  0)  Pck 


c(i-l)  L  n+1  „  n+l\ 


F,<Pck>=1+CPCl  (n+1)Pckn 


+  2  CPC2  Pck  ”  nCPC3  AS(j)  Pck 


n-1 


Newton-Raphson  Iteration  Method 


Algorithm 


Vl)  ’  ?=k  -  F  <Pck>F'  <Pck>  k  -  >•  p. 
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BtMl 


■w-s—' 


Terminate  iteration  lit 


/PsflH-l)  ~  gck\  <  l.E-lii 

v  !pcki  / 

o  r  k  =  50 


Set 


(j)  ~  Pc  (k+1) 

Time  rate  cl&nge  of  chamber  pressure 
*  P  -  P 

P  .  =  c(i>  c(j-l)  •= _ a _ 

ArbJ(n«) 

Initial  chambei  volume 


v  'Ust  1st 

Vcl  "  l-(l'Tw)2  2 


J-l 

^  (AS  (j+1)  +  ASj)  <Wl)  "  gwi' 


Chamber  volume 


=  V  .  + 


AS2 


c(j+l)  cj  2  p  j  '  e(j+l)  cj 


T  (P  +  p  ) 


Incremental  burn  time  (sec) 


V 


Ar  .  (n+1) 
_ 24 _ 


a 


p  -  p 

cfl+l)  _cL 


n+1  n+1 

c(j+l)  cj 


Time 


‘mi  "° 


A  r-  <  A 


M(l-l)  r,.. 


Vacuum  Thrust  (lb) 


are?:' 


The  following  logic  is  applicable  to  all  options  trfien  f 


Extinguishment  Area 


A  .  =  1.1 
xj 


ASi  CAS3  °* 


V  C 
a  Cj  ASI 


nQL  AS .  p 
P  J  P 


l-n 

1+ft 


Maximum  ExtinguishmentArea 


A  =  MAX  (A  .  j  =  i ,  . . . ,  j  ) 
xmax  xj  ■  mnx 


Average  Reference  Chamber  Pressure 

I- 


TM 


cref  A  r  C,  T.,~ 
tref  f  M.T 


Maximum  Reference  Chamber  Pressure 


P  =  MAX  (P  .  j  =1,  ....  J) 
cmax  '  cj  1  ' 


Maximum  Allowable  Chamber  Pressure 
l.E  30 
P 


CMXA 


P  =0 
max 


max 


P  >0 
max 


-P  P 
max  cmax 


P  <  0 
max 


Maximum  Surface  Area 


ASMAX  AJAX  ^ASj  *  ** 


Minimum  Throat  Area 


A  =  A  Pruv,  11-1  CAS3  — 
xirun  SMAX  CMXA  g 

© 


348 


d.  Controllable  Motor  Dynamics 

The  following  logi.c  and  equations  evaluate  the  dynamic  internal 
ballistics  of  a  pintle  controlled  single  chamber  motor. 


Burn  Rato 

fo 


Bum  Depth 


rb  dt 


Percent  Web 


P'w{ 


If  A,  >  Aj., 
Otherwise 


Interpolation  Formulas 

Index  Table 

j  is  such  that 

^wj  ~  ^wl  ^  ®w(j+l) 

Incremental  Bum  Distance 

^b  =  ^I  fwt 


349 


Interpolation  Time 


*  = 


Af, 


1 / (n+1 ) 


'ci~r*  (pcl)"ni 

?cj 


AT, 

-  P  “ 

a  cj 


if  p  ^  p 

cj  •  c(j+l) 


Othervise 


Chamber  Volume 


■  ,  ■  •  ■  — -4  --°  (P  ,  T  +  P  ■  t*) 

cl  CJ  p  C*  cj  cj  ' 


V  =  V  .  + 


Nominal  Vacuum  Thrust 

(f  -  F  ^ 

F  *  F  +  V„H<W  , 


Nominal  Delivered  Thrust 


F  =  F 

N 


VN 


PA 
a  eM 


Burn  Surface  Areas 


A  CAS1  Pcl  VCI+  CAS 

ASI  " 


(P  .  +  P  .  t) 
,.cj _ <g.l 


c.c,  (P  .  +  p  .  t) 

ASj  cj  cj 


Time  Change  of  Chamber  Pressure 


<CAS3  ASIPc 


'tref 


CAS2  Pc)/(CAS1  Vcl' 


P  * 
c 


trcf 


CAS2  Pc/CAS1  VcT 


Otherwise 
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Equilibrium 


1 

1-n 


If  A  <  A 
t  x 


Otherwise 


Chamber  Pressure 


P  +  f*  {>  dt  If  TMC  ¥  0 

c"  *»-<>  * 

P  Otherwise 

ceq 

L 

where  TMC  is  the  thrust  dynamic  mode,  if  =  0,  the  achieved  thrust  equals 
coovnand  thrust  and,  if  =  1,  the  first  order  response  system  is  solved. 

The  initial  chamber  pressure  is  set  at  P  -  P  ,  (P  equation) 

co  cl  c 


f  ,  as ion  Ratio 


«  *  cd  AtrCfMt 


Thrust  Coefficient 


CFI  ”  f  <7d’  €’  ad’  Cd} 


Thrust 


Mass  Weight  Flow  Rate 


.o 


The  following  logic  evaluates  the  commanded  chamber  pressure  and 
equilibrium  throat  area  for  a  given  commanded  thrust. 

Commanded  Vacuum  ~-t  (lb) 


F  *  F  +  P  A  „ 
vcom  c  a  eM 


Interate  for  R. 


RATCCO  1 


ecci  ~  ed/RATcci 


Cfi  f  €7d»  €cci’  ad»  Cd> 


ATcc(i+l) 


*  X 

-  CAS3  A  n  /^tref  RATcci  Cfi\1T 
C.„  si  \  F  I 

L  ASi  J  vcom 


Converged  if 


^Tcc(Kl)  '  Wl  <  „  l0-6 

ATcci 


A  —A.  -  R._ 

tcc  tret  ATcci 


Command  Chamber  Pressure  (lb/in£) 


p  =  - - 

cc  A„  C,. 

tcc  fi 
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Pintle  Area  Control  Law 


Rate  Change  of  Throat  Area 


A  =  K  (P  -  P  +KP) 
t  s  v  c  cc  p  c' 


where 


the  pintle  control  frequency  (rad/sec) 

CAS2  O'11 
“»  '  ®AS1  VCI 


the  dvnamic  constant  (Lb/in*-sec) 


Atrcf  CAS1  VC1 


CAS3  A< 
CAS2 


Controller  Frequency 


CJ  if  or  *  0 
P  pc 

cj  otherwise 
pc 


Pressure  Error  Gain  (in4/lb-scc) 


S  ?c  P 


Pressure  Rate  Gain  (sec) 


K  =  -7- 
V  «*> 
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■'V; 
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e. 


Main  Table  Delivered  Thrust 


Thrust  equation  to  include  flow  separation  in  the  nozzle: 


FM 


Mv 


V 


eM 


ifF__  =0 
Mv 


if  €  =  0  or  P  £  P 
d  8  e 


if  €,  *  0  and  PSP, 
,ld/2  C  d 


|Ad  CDCd  &  -  <YPc )r<0  "  +  <P8  -  Pd>  <es/Po>! 

[(PcAeM/e)  (1/144)]  Otherwise, 

Where  F  is  obtained  from  the  main  vacuum  thrust-weight  table, 
AeM  the  input  area>  and  the  static  base  pressure. 

9 

Nozzle  exit  pressure  (lb/in.  “) 

P  =  P  /(P./P  ). 
e  c  c  e 

2 

Nozzle  separation  pressure  (lb/in.  ) 

[pd  ,as +  V  | &Ard  +  D]  (Pc/Pd)| 


p  H 
s 


-c 


It  p  >  p* 
c 


Otherwise 


Static  base  pressure  (lb/in.  ) 


P.  =  P  /1 44.0 
d  a 


Where  is  the  ambient  pressure. 


ggggg 


Where 


! 

0.3 

If  a'  -  b’ 

S  8 

-  c'  =  0 

8 

a  * 

8 

a' 

s 

L 

Otherwise 

0.7 

If  a’  -  b' 

8  S 

ra  c'  ■  0 

8 

b  - 
s 

b' 

Otherwise 

0.884 

If  a’  *  b’ 

8  8 

*  c*  •»  0 

8 

cs  * 

ci 

Otherwise 

Where  a’,  b 
s 

and  c’  are  input  nozzle  separation  polynomial 

s  S 

coefficients. 

Nozzle  separation  expansion  ratio 

Hd  (P£/Pc)"(1/7d)[l  - 

<ps/pc)rd~%] 

If  ?  > 

c 

€s  " 

!  1 

L» 

Otherwise 

Nozzle  critical  pressure 

P*  -  Pcf2/(7d  +  l)]t7d/<7o  ~l>3 
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f. 


Cor  "lep.entary  Thrust -Weight 

The  complementary  thrust-weight  table  consists  of  the 
following  input:  thrust,  weight  flow  and  time  perturbation  factors, 

^C*  ^C’  KtC;  8Peclfic  i»pulse ,  I£pCi  nozzle  exit  area,  Ae(,; 
complementary  stage  weight,  W^;  total  vacuum  impulse  quantities,  1^,; 
complementary  weight  carryover  flag,  K^;  and  a  maximum  of  25, 
j  *  1,  2,  ......  25,  oonotonically  increasing  complementary  thrust  weight 

switching  times,  tc^j,  and  weight  flow,  wcqj* 

The  adjusted  complementary  thrust-weight  table  is  as  follows: 

At  stage  initiation  set  up  a  6  parameter  table  with  a  maximum  of  25 
rows  such  that  the: 


Adjusted  time  switching  points  are: 


CC(j)  *  KtC  fcC(j) 


Adjusted  vacuum  thrust  points  are : 


FC( j  )  *  Sc  FM(j) 


Adjusted  total  complementary  weight  flow  points  are 


W, 


C(j) 


lf  fyj+l)  “  *Cj  °r  j  ~  J  and  VC0  <  0 


^Cj  "  WC(jH-l))/(tC(j+i)  -  CMj) 


If  tC(j+l>  *  fcCj  and  *  *  J  and  WCo  <  ° 


“wcVjl 

‘Sjc  ”c(j)  “  FC(j)/i:8pC 

Otherwise 


If  1  _  «  0  and  Wi  % 

spC  Co 
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Adjusted  tine  rate  change  of  vacuua  thrust  points  is 


If  ^(j)  *  tC<j+l) 


tFC(j+l)  "  FC(j)J/[tC(j+lj  "  £C(j)J  Otherwise 


Adjusted  tine  rate  change  of  weight  flow  points  i; 


If  £C(j)  *  tC(j'tl)  or  WC0  <  0 


•  a  A  ^ 

lWC(j+D  “  *C(j)1/{tC(j+l)  '  ^(j) 


Otherwise 


Adjusted  complementary  table  expended  weight  points  are 


W  .  -  W 
Cl  Cj 


If  j  -  1 

If  »co  <  0 


05  1*0(1)  ■  “c(i-x)l  !tc ;l)  '  tc<i-i’>  1  oth'tvl,c 


For  table  interpolation: 


Weight  expt.ided  fcr  complementary  motor 


\  *  ^C(j)  +  *C(j)  *tC  t  0,5  Vj)  AtC 


S59 


Weight  flow  rate 


•  * 


Wc  “  Wc(j)  +  WC(j)  Atc 


Vacuus  thrust 


FCv  *  FC(j)  *  FC(j)  AtC 


Where  j  is  ouch  that 


fcC(j)  4  CB  <  or  ^(j+l)  K  fcC(j)  <  *"8 


And 


”  S  *  CE  -  tC(S) 


J 


Thrust  equation  for  the  complementary  thrust 


0 


If  F, 


Cv 


0 


IF,  <  P  Otherwise 

I  l-v  ec  a 

Where  is  the  '.empleaentary  thrust  weight  table  vacuum  thrust, 

A  _  is  the  input  complementary  exit  area,  ard  ?  is  the  atmospheric 

Gv  A 

pressure. 
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jm 


g* 


Thrust  Multiplieri 


The  logic  and  equation*  presented  in  this  section  will  accept 
the  input  thrust  tine  tables  to  correspond  "o  any  reference 
altitudes  and  convert  them  to  vacuum  conditions  so  that  the 
trajectory  program  may  use  them  in  the  standard  manner.  The 
reference  altitude  pressure,  input  in  pounds  per  square  foot  will 
stipulate  that  the  input  thrust  time  points  will  be  for  that 
atmospheric  pressure  and  similarly  designate  that  the  input  specific 
impulse  and  Input  twial  impulse  be  applicable  at  that  altitude 
pressure. 


Main  table  time  multiplier 


tM 


1.0 


tM 


If  k*m  -  0.0 


Otherwise 


Main  table  reference  atmospheric  pressure 


arM 


2116 


P' 

arM 


1£FilH  <  ° 


Otherwise 


Calculate  the  back  pressure  impulse  as 

V1 

IFh  “  ParM  AeM  KtM  £  rtM(J+l)‘W 

j-1 
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Where 


Yf  TM  a  V<  m  0 

ir  mj  rM<j-»l)  U 


Otherwise 


The  input  stain  total  impulse  adjusted  to  vacuum  total  impulse  is: 


A 

1vM  “ 


I»  +  T 

vM  'FM 


If  ^  * 0 


Otherwise 


Main  table  time  adjusted  input  thrust  integral  is : 


IvK  "  KtK  /,  'FM(j)  +  FM(j+l)lltM(j+l)  *  Sf(j)3/2 
J-l 


The  main  table  time  multiplier,  is  input  in  LU009 


The  main  table  thrust  reference  atmospheric  pressure, 
is  input  in  Lk020 


The  main  tubve  nozzle  exit  area,  A  u,  is  input  in  LkOU 

€Xl 


The  main  table  tabular  time  points,  t^ ^ ,  are  input  in  LV.0XX, 
where  XX  *  17  +  3j  and  t^  *  0 


The  main  table  tabular  thrust  points  F' ,  are  input  in 

MJ 

LkGYY,  where  YY  ■  IS  +  3J 


The  main  table  total  impulse,  1^,  is  input  in  LkOOS 


T».e  subscript  j  refers  to  the  j-th  row  of  the  thrust 
weight  table 
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.^1  Tefers  tc  the  last  input  row  of  the  main  thrust 
weight  tabic.  Such  that  *  t^^  or  j  »  25 

Complementary  table  time  multiplier; 


1.0 

If  -  0.0 

X’ 

*tM 

Otherwise 

Complementary  table  reference  atmospheric  pressure: 


arC 


2116 


arC 


I£  p«c  <  0 


Otherwise 


Calculate  the  back  pressure  impulse  as 

V1 

XFC  "  ParC  AeC  KtC  ^  ®ICj  [tC(j+l)_tCj] 

J-l 


Where 


I£  F6j '  Fca+i)  '  0 
Otherwise 


The  input  complementary  total  impulse  adjusted  to  vacuum  total 
impulse  is: 


vC 


0 


If  I 


vC 


0 


Otherwise 
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'  -'.T?  4.-^7 -ft  •  iv 


I 


Complementary  table  adjuated  input  thrust  Integral 


V1 


T  *  T 

vC  tC 


Z  tFC<J>  +  Fc(j+l)j  EtC(j+l)  ‘  fcc(j)^/2 


1-1 


The  complementary  table  time  multiplier,  K *g,  is  input  in  Lkl02 

The  complementary  table  thrust  reference  atmospheric  pressure, 
is  input  in  LkllO 

The  complementary  table  nozr.le  exit  area,  A£g,  is  input  in  Lkl04 

The  complementary  table  tabular  time  points,  tCj,  are  input 
in  LklXX,  where  XX  -  7  +  3j  and  tcl  -  0 

The  complementary  tabular  thrust  points,  F^,  are  input  in 
LklYY,  where  YY  -  8  +  3j 


The  complementary  table  total  impulse,  X^c,  is  input  in  Lkl06 

The  subscript  j  refers  to  the  j-th  row  of  the  thrust  weight 
taKe,  such  that  tc^+1j  *  CC(j)  or  1  " 


Jc  refers  to  the  last  input  row  of  the  complementary 
thrust  weight  table 


Total  main  and  complementary  impulses  corrected  to  vacuum 


vT 


r 

0 


lh  +  1Ttt  +  IFC 


I£  IJj  -  0 


Otherwise 


J 


J 
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The  vacuum  scale  factors  for  the  main  and  complementary 
stage  thrust-time  table,  are  determined  as  follows: 


Main  table  vacuum  adjusted  thrust  integral  is: 


XVM  *  TvM  +IFM  /KFM 


tvT/  (IvM  +  IvC5 

If 

IvT 

+  0 

IvT/lvM 

If 

■  0  and  I'  #  0 

VK 

rx 

Sm 

If 

Kt 

-I’  ■"  0 

vM 

.  .4 

1.0 

If 

Kt 

o 

a 

■I 

• 

-? 

H. 

• 

~lx 

*• 

& 

■? 

9 

ly/If  (IvM  +  "v(P 

If 

XvT 

*  0 

i 

^vC 

If 

I' 

VT 

”  0  »nd  Kc  * 0 

5 

JJ 

If 

Kr 

*  '  0 

1.0 

If 

Ivi 

■  ■  0 

The  main  table  adjusted  to  vacuisn  thrust  points  are; 
FMj  "  FMj  +  ?arM  AeM  ®FMj 

Where 


If  -  0 


Otherwise 
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Where  the  main  table  thrust  multiplier,  K^,  is  input  in  Lk007 
The  complementary  table  thrust  multiplier,  K£c,  is  input  in  LklOO 
The  oain  table  adjusted  to  vacuua  specific  impulse  is: 

XspM  "  IspM  XvM  M  ^  '  XFM^ 

Where 

The  main  table  specific  impulse,  is  input  in  IkOlO 


The  complementary  table  adjusted  to  vacuum  specific  impulse  is: 
IspC  “  XspC  XvC  *?</  (I*vC  ”  IFC) 

Where 

The  complementary  table  specific  impulse,  PpC,  i*  input  in  Lkl03 

The  total  main  and  complementary  tables  vacuum  adjusted 
thrust  integral 

T*  m  T*  4-  i* 

vT  vM  vC 


Total  main  and  complementary 


calculated  total  vacuum  impulse 

I 


XvT  "  ^  *  XvC 


h .  Auxiliary  Roll  Control  System 


The  weight  expended  for  roll  control  is  determined  by  \_) 

integrating  the  roll  control  weight  flow  determined  from: 


IFR^XspR 


If  I 


spR 


0 


Otherwise 


where  Fg  is  the  instantaneous  roll  control  thrust  and: 


I  - 
spR 


XspRl  f°r  CB  "  C'r2 
XspR2  for  fcR2  ?  CB  5  tR3 
XspR3  r0r  CB  "  CR3 


with  lspRj  (j  *  1*  2,  3)  input  for  each  stage  with  the  roll  control 
data  and  tg  the  instantaneous  current  stage  time. 


At  the  initiation  of  the  curient  stage,  the  expended  roll 
control  weight  is: 


Wr 


WR  (tS(k-l)* 


lf  K0k  =  ° 


If  K0k  *  0 


where  is  the  expended  roll  control  weight  at  the  end  of  the 

previous  stage. 


The  roll  thrust,  F_,  foi  lation  is  given  in  section  D.2.b. 


t 
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2.  Thrust  Forces  and  Moments 


Thrust  components  and  moments  required  in  the  li  ear  and  angular 
momenta  equations  during  the  K-th  stage  o;  ~  as  follows: 


a.  Axial  Forces 


F/ [1.0  +  tan2  (6p  +  5^)  +  tan2  (6y  +  6^)}^ 

If  K_  -  0 
o 

CVCl-0  +  tan2  (6p  +  6j.jp)  +  tan2  (6.,  +  6^)]*} 

+  Fc 

If  k6  =  1 

F/  [1.0  +  tan2  6Mp+  tan2  6^]^ 

!f  KB  =  2 

F/[1.0  +  tan2  8p  +  tan2  6yJ^ 

If  ^  -  0 

Fm/[1.0  +  tan2  &p  +  tan2  6^J^ 

If  Kg  “  1 

F 

If  ^  -  2 
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b.  Lateral 


[f  tan  (By  +  3/ [1  - 0  +  tan2  (8p  +  £^p>  r  tan2  (By  + 

If  hm  ° 

{[PM  tan  (By  +  8^)1/ [1.0  +  tan2  <6p  +  8^p)  +  tan2  (By  +  &My)]* 

If  hm  1 

[F  tan  £^y]/[1.0  +  tan2  6^  +  tan2  6^]^ 

If  K_  a  2 


[F  tar.  ty/Jl.O  +  tan2  5p  +  tan2  8yP  If  K&  *  0 
(Fm  tan  By]/ [1.0  ►  tan2  Bp  +  tan2  By]*  I!  K&  *  1 
0  If  =  2 


c.  Transverse 


(F  tan  (Bp  +  6^p)l/[l,0  +  tan2  (Bp  +  6^p)  +  tan2  (By  +  8^)]* 

«  S  "  ° 

UFm  tan  (Bp  +  E^p)]/(1.0  +  tan2  (Bp  +  E^p)  +  tan2  (6y  4-  &My)]' 

If  h  M  1 

[F  tan  E^pl/11.0  +  tan2  8^p  +  tan2  6^y]^ 

Uhm  2 

[F  tan  8p]/ [1.0  +  tan2  6p  +  tan2  By]*  If  Kg  *  0 

[Fm  tan  Bp]/ [1.0  +  tan2  6p  +  tan2  8y]*  If  Kg  3  1 

0  If  Kc  »  2 

o 


Where  6p  and  By  are  tha  pitch  and  yav  thrust  deflections,  respectively, 

B^„  and  E^y  are  the  stage  input  thrust  vector  misalignment  angles, 

is  the  input  per  stage  contiol  flag,  F  is  the  total  thrust,  and  FVI 

rl 

is  the  main  thrust,  Fc  is  the  complementary  thrust. 
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e.  Jet  Damping 

The  jet  damping  forces  and  momente  on  a  missile  having  an 
internally  burning  fuel  arise  from  the  reaction  to  the  Corinlis  force 
sxerted  on  the  exhaust  gas  as  it  moves  along  the  missile  x^  axis  toward 
the  nozzle  exit  plane  in  the  presence  of  missile  angular  rotation. 

a.  Force 

FJDy  -  Wi.X^E  -  ‘n  '  VBb  <*/18t» 

FJDZ  ■  E  •  'pf  -  VQb  <"/l80> 

b .  Moment 

MJDQ  -  -WUJU*  -  (ff£  +  /pf/pa  +  4a)/3]  Qb  (it/ 180) 

MJDR  '  -  C*ff  +  lpfPpa  +^fa)/3!  R,  C«/W0) 

•> 

where  W  is  the  total  instantaneous  missile  weight  flow,  gg  is  the  input 
mass  conversion  gravity,  and  are  the  instantaneous  vehicle  angular 
pitch  and  yaw  velocities,  and  and  are  the  nozzle  exit, 

forward  and  aft  propellant  grain  lever  arms  defined  in  Section  1.  3. 
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f*  Propellant  Grain  and  Nozzle  Exit  Location 


The  values  are  co*a;,uted  as  follows: 


(1)  Nozzle  Exit 

If  -  0 

Otherwise 

(2)  Aft  End  of  Propellant 


x 


Pa 


(3) 


X 

If  x  '  • 

eg 

Pa 

*eXPa 

Otherwise 

Forward  End  of  Propellant 


Pf 


x 


eg 


XexPf ' 


If  x 


Pf 


Otherwise 


where  x,.',  Xp^1,  and  x?a 
gimbal  location,  and  x 
gravity. 


are  input  per  stage,  x£  is  the  thrust 
is  the  vehicle  instantaneous  center  of 
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g.  Thrust  Gimbal  Location 

The  thrust  gimbal  location  is  specified  in  the  left-handed  Cartesian 
coordinate  system  shown  in  Figure  27.  Thrust  location  components  are  xe, 
the  missile  body  station  measured  along  the  centerline,  and  ye  and  ze  are 
measured  from  the  vehicle  centerline  positive  to  the  right  and  down,  respec¬ 
tively.  The  gimbal  components  are  input  for  each  stage  as  constants.  The 
Y  and  Z  components  represent  a  thrust  eccentricity  which  yields  moments 
during  powered  flight.  The  clustered  motor  configuration  is  shown  in 
Figure  28  and  the  effect  of  typical  variation  of  thrust  history  is  pictured  in 
Figure.  29.  The  effect  of  clustered  motors  is  simulated  as  follows  as  a  thrust 
vector  point  offset. 


x  ~  X  x  ’ 
e  e  e 


n'  =  0  or  1 
m 


ye  -  xe  y; 


z  *  X  z* 
e  e  e 


n '  =  2 
m 


ye  *  f°f  RC^  COS  +  K  ye 


v  e  '  e 


n'  >  2  = 
m 


z  3  loc  R  A/2  J  sin  $  +  X  z ' 

e  1  f  C  V  G  G 

y  *  [a,  R  A/2  n  J  cos  $>  +  X  y ' 
7e  1  f  c  m  vc  ' e 


z  fa,  R  ifo  n  ]->sin  <!>  +  X  z ' 
e  1  f  c  m  v  e  e 


=  [4.5  <F«  +  F2  +  F«)/(Fh  +  Fn  +  Fl)2  -  1.5] 


[1/a  +  Uo»b  +  oft]/2)^j  {f[Fvac  (1  -  <Ttb)  tn 


Pitch 


0  if  I  =  0  or  u  »  0  or  bi  i  2 ,  or  5 
n  c  y 

(rt/180)  W  /  bp/W  Otherwise 

n  n  r 

0  if  X  >  0  or  u  =  0  or  M  #2,  or  5 
n  c  y 

(rt/180)  (I  +  W  &P  Otherwise 

n  it  c  **  c  i 

Yaw 

0  if  In  =  0  or  uc 

FTDy 

(«/180)Wn/n&Y/W 

0  if  I  =  0  or  u  -  0  or  M„  i  5 
n  c  y 

“tdr  =  . 

(«/180)(In  +  Wn^/ge)by  Otherwise 

where  I  is  the  movable  portion  of  tne  nozzle  mass  moment  of  inertia, 
n 

W  is  the  weight  of  the  movable  portion  of  the  nozzle,  £&  is  the  vehicle 
center  of  gravity  to  nozzle  girobal  poi*-.!.  distance,  £ n  is  the  movable 
portion  of  the  nozzle  center  of  gravity  to  the  gimbal  point  distar ce, 
u  is  the  input  second  order  TVC  transfer  function  flag,  gc  is  the  mass 
to  weight  conversion  gravity,  and  *6p,  By  are  noz2*e  angular  deflection 
acceleration  in  pitch  and  yaw  respectively. 


*  0  or  My  i  5 

Otherwise 
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3.  Vehicle  Weight 


Instantaneous  missile  weight,  W,  is  computed  from  the  un¬ 
adjusted  staging  weight,  Wg,  the  expended  main  weight,  WM>  the  expended 
complementary  weight,  Wg,  the  expended  roll  control  weight,  Wr,  and  the 
jettisoned  weight,  W JT,  respectively,  as  follows: 

W  =  ws  -  wM  -  wc  -  WR  -  WjT 

Main  and  complementary  weights  are  functions  of  input  initial 
stage  weights,  weight  flows,  vacuum  thrust  and  specific  impulse,  and 
multipliers.  In  addition,  the  main  weight  is  dependent  upon  input  weights 
at  each  thrust-weight  switching  time.  Roll  control  and  auxiliary  motor 
expended  weights  are  functions  of  thrust  and  specific  impulse.  If  W  <  0, 
the  run  is  halted  and  "WEIGHT  HAS  GONE  TO  ZERO"  is  printed. 


& 


Missile  mass  is  computed  as  follows: 


ra  =  W/ie 

where 

If  g^  is  input  1.4 
If  g^  is  input  zero 
Otherwise 


= 


ge 

32.174 

£1 


The  unadjusted  staging  weight  defined  as  follows : 


W. 


S(k) 


WPL  +  2^  lWM0(P>  +  WC0(p)^ 

If  k-l^  or  K0(k_u  - 

p*k 

0  and  K110(k-1)  *  ' 

W,  \ 

(g) 

4 

WPL  '  WC(g)  +  MC)(k-l)  +  Ya 

Ihko(p)  +  MC0(p)! 

P*k 

1£  KN0(k-l>  *  0  and 

Ko(k-n  • 0 

Where  k  is  the  current  stage  number;  is  the  input  stage 
start  control  function;  Ko(k)  and  are  the  input  weight 

carryover  flag  and  input  complementary  thrust-weight  table  carryover 
flag  respectively;  and  are  the  vehicle  weight,  and 

expended  complementary  weight  at  the  termination  of  the  (k“l)th 
stage  respectively,  w^0(lc)  an<*  ^CO(k)  are  t*ie  raa*n  an<*  complementary 
initial  stage  weight  for  the  k-th  stage,  and  W?L  is  the  input 
payload  weight. 

Hain  and  complementary  weights  are  functions  of  input 
initial  stage  weights,  weight  flows,  vacuum  thrust  and  specific 
impulse,  and  multipliers.  In  addition,  the  main  weight  is  dependent 
upon  input  weights  at  each  thrust-weight  switching  time.  If  W  S  0, 
the  run  is  halted  and  the  statement  "WEIGHT  HAS  GONE  TO  ZERO"  is 
printed . 

Total  weight  flow  is 


*  +  WC  +  WR 
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a.  Initial  Stage  Weight  Calculations — Initial  stage  weights 
are  calculated  as  follows: 

If  the  input  main  £ tage  weight  W^Q  is  input  negative,  the 
stage  weight  will  be  calculated  as  a  function  of  stage  time  and 
the  input  values  in  the  thrust  weight  table.  The  stage  weight- 
history  values  are  input  in  the  column  normally  used  for  the 
input  weight  flow  values.  Linear  interpolation  between  these 
input  table  weight  points  will  be  used  to  evaluate  the  instantaneous 
stage  weight. 

Similar  logic  holds  for  the  complementary  weight  if  WCq  is 
input  negative. 


Main  Table  Weight 


if  ^0  <  ° 


Otherwise 


Where  W^q  is  the  input  main  stage  weight  input  in  Lk006  and 
W^  is  the  first  input  main  table  weight  point  input  in  Lk022. 

Complementary  table  weight 


ifWC0  <  0 


Otherwise 


Where  W^  is  the  input  complementary  stage  weight  input  in 
LklOS  and  W^  is  the  first  input  complementary  table  weight  point 
input  in  Lk012. 
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Jettison  Weight  Calculations 


The  weight  lost  to  jettisoning  is 


JT(j) 


Where 


JT(j) 


0  bef°re  "JO)  ■  KJ0) 


wJlfj)  a£ter  "jO>  '  KJ<j> 


with  OjQj(j  ■  1,  2,  ...»  8)  the  achieved  value  of  the  parameter 
designated  by  code  input  and  KJU>  the  input  value  of  that 
parameter  at  which  the  weight,  Wj£(j)»  is  to  be  jettisoned. 
Logically  the  jettisoning  must  be  satisfied  sequentially. 


I.  MASS  PROPjTITIES 


1.  Center-of-Gravity 

•lie  center  of— gravity  location  is  specified  in  the  same 
left-handed  coordinate  system  as  the  gimbal  lc  .^tion.  The  Y  and  Z 
components  represent  a  center-of-gravity  offset  which  yields  moments 
during  power*.. !  and  atmospheric  flight.  The  center-of-gravity  location 
wilt  be  input  for  each  stage  as  a  linear  function  of  the  total 
instantaneour  vehicle  weight. 


a. 


Center-of-Gravity  Body  Station 


Fifteen  center  of  gravity  body  stations  (x  )  can  be  input 

eg 


for  each  stage.  The  body  station  is  computed  from  input  during  the 
current  stage  as  follows: 


For  W  §  W  5  V  +l 


x  =  X  [W.  x  ...  .  -  W...  x  .  +  (x  .  -  x  .... N)W]/ 

eg  eg  .1  Cg(j+i/  j+1  cgj  cgj  Cgfj+l)' 


-  Vl> 


where  X  ,  W  ,  and  x  .  (j  3  1,  2,  . 15)  are  input  for  each  stage 

eg  J  Cgj 


with  the  moment  of  inertia  data,  and  W  is  the  instantaneous  vehicle 


weight.  The  are  input  monotonically  decreasing  so  that  W*  >  Wg... 


The  first  and  last  input  logic  for  the  center  of  gravity  is 


If  W  >  Wi,  then 


x  *  X  x  . 

eg  eg  egl 

or  if  W  <  Wj,  then 

x  -  X  x 

eg  eg  c 

where  the  Ws  and  x  .  and  the  WT  (J  =  1,  2,  ...  or  15)  and  x  ,  are 
A  Cgt  J  cgJ 

the  first  and  last  input  values  respectively. 

b.  Center-of-Gravity  Offset 

Fifteen  offsets  can  be  input  for  each  stage.  The  Y  and  Z 
offsets  for  the  current  stage  are  as  follows: 


Otherwise  for  Wj  S  W  > 
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y«  ■  Xcg  IHj  ycg(J+l)  •  Vl  ycgj  +  (ycg.<  •  ycgO+l),W,(Wi  •  V> 

Zcg  *cg  acg(j+l)  Wj+1  zcg.i  +  'Zcgj  zcg(.i+l)^  W/CW.  -  WJ+1) 

where  j  *  1,  2,  15  and  y  , ,  and  z  ,  are  input  for  each  stage  in 

J  CSJ  cg.i 

a  tab':s  with  the  body  station  values.  The  W^'s  are  input  monotonically 
decreasing. 

The  first  and  last  input  logic  given  for  the  body  station  center 
of  gravity  are  applicable  for  the  offset  Jata. 

2.  Moments  of  Inertia 

Fifteen  pitch,  1^,  yaw,  and  roll,  T^,  moment  of  inertia 

values  can  be  input  per  stage.  The  moments  of  inertia  are  linear  functions 
of  total  instantaneous  vehicle  weight  and  are  computed  as  follows: 

For  W  .3  W  3  W.^. 
j  J+l 

TXX  *  Vi  XX(j+l)  "  Wj+1  XXj  +  (IXj  "  TX(j+l))Wl/(W.i  "  Wj+15 
TYY  "  TYkJWj  TY(j+l)  "  Wj+1  XYj  +  (IYj  *  IY(j+l)^/®,j  "  Vl5 
TZZ  *  IZkfWj  TZ(j+l)  ’  Wj+1  TZj  +  (IZ.i  "  XZ(j+l))Wl/(Wj  ’  Vl5 


Iw  "  IvfW*  I 


X^J  ^(j+l)  ‘  Wj+1  XXYj  +  (IXYj  ’  IXY(j+l))Wj/(l'fj  ‘W,i+15 


TXZ  “IXfWj  IXZ(j+l)  "  wj+l  TXZj  +  (IXZj  *  XXZ(j+l)  W’/Wi  “  Wi+15 
XYZ  “  IYZ(j+l)  ■  wj+l  XYZj  +  'XYZj  '  IYZ(j+l)W5/(W,i  *  Wj+1) 


where  ^  ana  1^  Iyf  Iz,  1^,  Ixz,  IYZ  fj  ,  1?  2,  ...,  15) 

are  input  for  each  stage  with  the  body  station  center  of  grav4ty  and  W 

the  instantaneous  vehicle  weight.  The  W^’s  are  input  monotonically  decreasing. 


The  time  derivatives  of  the  moments  of  inertia  required  in  the 


angular  momenta  equations  are! 
For  M,  ?«?  W. 


’j 


j+1 


rxx 


If  xxk  ■  0 


“*x  <!xj  '  tx(i+D)/<Uj  '  U)+i' 


Otherwise 


-  -«iYaYj  -  -  V>  oche"Ue 


ZZ 


XY 


vrtz(Izj  "  rz(j+*))/(wj  ■  If  ^  *  0 


r  Otherwise 

YY 


it  ix  -  ° 


■KIX<IXYj  "  IXY(j+l))/(Wj  ‘  Vi; 


Otherwise 


*XZ 


!f  Ix  -  0 


-:jIX(IXZj  '  IXZ(j+l)),<Hj  "  Wj+l' 


Otherwise 


YZ 


If 


“^X(IYZj  ‘  TYZ(j+l))/<W.i  "  Wj+1* 


Otherwise 

where  W  ia  tie  total  instantaneous  vehicle  weight  flow. 

°.8*i 


The  first  and  last  input  logic  for  the  moments  of  inertia 


and  their  derivatives  are: 


XX 


YY 


ZZ 


*XY 


xz 


XYZ 


1 1  I 

!  Vxl 

If  W  > 

>i  i 

j  X  XJ 

If  W  <  W 

L 

!  Vy! 

If  W  >  W 

I  i 

Y  YJ 

If  W  <  WT 

u 

tyy 

If  Iz  -  0 

XZXZ1 

c 

If  lz  *  0 

XZXZJ 

If  l“z  *  0 

T  T 

X  XY1 

If  W  >  W1 

Tx  XXYJ 

If  W  <  Wj 

r 

If  w  >  w 

lx  xxzj 

% 

If  w  <  w 

XX  XYZ1 

If  w  >  w 

Tx 

If  w  <  w 

and  if  >  W.  or  V  <  V. 


whore  tho  and  r  and  the  Uj  and  I^.-j  O  a  U  2,  -  '  ^ 

arc  the  first  and  ‘".ast  input  values  respectively. 
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3. 


Lever  Arms 


Significant  distances  shown  in  Figures  20  and  21  are  given  below: 


a.  Gimbal  Point  to  Cent er-of- Gravity 


£  *  X  -  X 

e  e  eg 


b.  Movable  Portion  of  Nozzle  Center-of-Gravity  to  Gimbal  Point 


l  =  (x'  -  x')  X 
n  v  n  e  e 


c.  Center-of- Gravity  to  Center  of  Pressure  Distance 


l  *  x  -  x 

cp  eg  cp 

d.  Nozzle  Exit  to  Center-of-Gravity 

*  *E  •  *cs 

e.  Forward  End  of  Propellant  Grain  to  Center-of-Gravity 

Pf  Pf  eg 

f.  Aft  End  of  Propellant  Grain  to  Center-of-Gravity 

£-  ■  x_.  -  x 
Pa  Pa  eg 

g.  Pitch  Movable  Control  Fin  Center  of  Pressure  to  Hinge  Axis 


hz 


(U  -  U.  )  l . 
v  cz  hz  bz 
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flij  nfur  'r1,  mr  lr--*  -*  r  . . 


h.  Pitch  Movable  Control  Fin  Center  of  Pressure  to  Center- 
of-Gravity 


£-.  ~  x.  -  x  +  l,  cos  (6  sv  K  ,.) 

8z  hz  eg  hz  v  p  cf' 


£s-  x.  -  x  +  £ 

o  nz  eg  hz 


i.  Yaw  Movable  Control  Fin  Center  of  Pressure  to  Center- 
of-Gravity 


£-.  =  x,  -  x _ +  £.  cos  (8  it  K  c) 

8y  nz  eg  hz  y  cf 


where  x#  is  the  gimbal  point  body  station,  xn  is  the  movable  portion 
of  nozzle  center  of  gravity  body  station,  x^  is  the  aerodynamic 

center  of  pressure  body  station  x  is  the  vehicle  center-of-gravity  body 

eg 

station,  *E  is  the  nozzle  exit  body  station,  xp^  is  the  forward  end  of 

propellant  grain  body  station,  xpa  is  the  aft  end  of  propellant  grain 

body  station.  U  is  the  pitch  movable  control  fin  center  of  pressure 

to  tie  leading  pitch  fin  base  root  location  distance  to  the  pitch  fin 

base  root  length  ration,  is  the  pitch  movable  control  fin  hinge 

axis  to  the.  leading  fin  base  root  location  distance  to  the  pitch  fin 

base  root  length  ratio,  is  the  input  pitch  fin  base  root  length, 

is  the  input  missile  body  station  cf  the  pitch  fin  hinge  axis, 

8  is  the  instantaneous  pitch  deflection  angle  ,  8  is  the  instantaneous 

P  y 

yaw  deflection  angle  and  is  the  fin  control  multiplier. 


.  TRAJECTORY  PARAMETERS 


Parameters  which  have  no  effect  on  the  solution  of  the  momenta 
equations  are  formulated.  The  parameters  are  introduced  because  of 
their  usefulness  as  switching  functions  and/or  the  additional  trajectory 
characteristics  they  furnish.  A  few  of  the  parameters  that  can  be 
represented  geometrically  are  shown  in  Figure  26. 


1. 


Orbital  Elements  and  Impact  Determination 


The  equations  in  this  section  are  computed  if 

Kc£  oQ  £  K^2  or  at  termination  of  the  final  stage 

where  oc  is  the  achieved  value  of  a  quantity  designated  by  code 
input  and  and  K£?  are  input  limits. 

If  the  quantities  in  this  section  are  involved  as  switching 

functions,  e.g.,  flight  segment  initiation  or  termination,  then 

the  proper  values  of  2  and  aQ  must  be  input.  However,  the 

equations  are  always  computed  at  cut-off,  but  cannot  be  used  as 

cut-off  switching  function  unless  the  a  -logic  is  satisfied.  The 

c 

print  is  always  given  at  cut-off. 

ftice  oc  i  Kcl  or  «£>  Kc2,  the  possibility  that  at  some  later 

e  ®c  ^  Kcl  or  *c  *  Kc2  is  ignored.  Obtaining  the  limit 
values  by  interpolation  is  not  done. 

a.  Orbital  Elements 

If  the  above  criteria  apply,  the  following  are  computed: 

The  parameters 

ai  *  rc  'TV? 

*2  ■  *!  co»  *7n 

*3  •  8in  rn  cos  7n 


where  rc,  Vj,  and  7^  are  current  values 


[ 


b. 


and  the  perigee  altitude 


h  «  /r  -  r  )/6Q76.1Q33 
p  p  e 


where  r  is  input  and  r  ■  +  e) 


Apogee  and  Impact 


If  0  <  e  <  1,  compute: 


The  apogee  altitude 


h  -  (r  -  r  )/6076. 10333 
a  a  e 


vhere  m  (1  -  e) 


The  velocity  at  apogee 


vu  '  1  <rcTi  c0"  vn)/ra  1 


The  angle  to  apogee 


»  arctan  [a^a^/ (1  -  a2>] 


vhere  OS#  <  360°  and 
a 


+1 


if  lr1T!  <90* 
Otherwise 
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The  flight  time  to  apogee 


Ta  “  <rc  VI  sitl  7n>',GM  (2  "  al* 

+  2[r1 2 3/GM  (2  -  a. )3]^  <*/180)  arctan  { C (1  +  e)/(l  -  e)]*/ 
c  1 


(1/tan  V  ♦  )} 

3 


where  0  £'  arctan  f]  <  180,  t  is  the  current  time,  and  x  ~  0 

a 

if  tan  %  *  0. 


The  total  flight  time  to  apogee 


'a-**  Ta 


The  orbital  period 

P-  jc[  (r  +  r  )/2J3/2/30Tgm 
a  p 

and  the  terminal  radial  distance 


r*  "  r  +  h, 
f  e  f 


where  h^  is  input 

Besides  the  above  criteria,  the  following  must  be  satisfied 
in  order  to  compute  the  equations  given  below: 


1.  If  K?  -  -1,  tun,  7U  >  0,  ra  >  r£,  «nd  h  <  h£ 

2.  If  K  -  +1,  then,  r  >  r,,  r  <  r,,  and  if  7  <  0, 

7  a  r  p  r  n 

then,  h  >  h. 


where  is  input  as  plus  or  minus  one,  sc  that 


*  4*1  if  impact  is  to  occur  at  an  altitude  of  h^ 

*  -1  if  p  space  intercept  is  to  occur  £t  an  altitude  cf  h^ 
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If  the  above  are  satisfied,  compute: 


The  glide  range  angle 

“  ♦a  +  *7  arctan  a®2  '  (1  ‘  Vc/rf)2l%/(1  '  a2rc/rf» 
where  0  i  arctan  (}  <  180° 

The  modified  range  angle  is 

If  <  360° 

*f  * 

-  360*  Otherwise 

If  E,  *  1,  r&  >  r^,  and  r^  S;  rf,  compute  the  modified  range  angle 
as  follows: 

0f  -  (180/*)  *{(rc/rf)al  +  1  +  2[1  -  (rf/rc»/[l-  ( r2/r2 )  coe  2yll}5 

+  (rt/180)  arctan  {2a^[rc/rf)  -  1]  tan  7^)/ 1  (rc/rf  -  l]2  - 

2  > 
tan  7n) 

where  -180°  <  arctan  (2a^  [(r^r^)  -  1]  tan  7jx^^rc^rf  ”  " 

tan  27xx^  s  *80o 

The  glide  time  is 

"f  “  rf^1  “  a2^  8ln  *f  +  a3a4  (”co8  +  rc/rf)J/(2  "  al)VI|cos  yn  I 

+  2{r3/QC(2  -  a1)3]%(  */l8G)  arctan  {[(-1  +  2/a^*  sin  (V2)J/ 
cos  (a«j  +  ♦f/2)}  +  Tp 

wnere  0  S  arctan  (}  f  180*  and 


v> 


and 


*11 

If  a4  > 

0 

a5  “ 

'  180  -  7lI 

If  a4  < 

0  and 

[wo-  rlx 

Otherwise 

*0 

If  0f  < 

360° 

*p" 

60  P 

Otherwise 

Total  flight  titne  is 


tf  -  t  +  ,f 


vhere  t  is  the  current  time. 

The  total  range  angle  is 

§f  »  <»  +  a^  ♦j.  -  (180/ rt)  wt ^ 

where  4  is  the  current  range  angle  and  u  is  input. 


The  ground  range  is 

Sf  -  (jt/180)  ofre/6076. 10333 

The  instantaneous  latitude,  longitudinal,  and  azimuthal  flight 
path  angles  are: 

p  *  arc  sin  (sin  cos  ♦  +  cos  sin  ♦  cos 

where 


-90°  S*  p  S  90' 

p'  *  arctan  f(sin  ♦  sin  ^  cos  p^)/(cos  *in  *in  p)l 
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where 


where  w  is  the  input  angular  velocity  of  the  earth. 

The  components  of  inertial  velocity  and  total  inertial 
velocity  at  the  terminal  altitude  are 

rf  -  (Vj  cos  7n  [a^  cos  *f  -  (1  -  a2)  sin  ♦f]/a2)ar 
rf  *  (180/jr) (r^Vj  cos  rlx)/r£ 

VIf  *  [*f  *  ^/180)2(rfif)2]% 

and  the  terminal  inertial  flight  path  angle  is 

71If  *  arctan  rf/ rfif  (jr/180) 

72If  pa’  Ma’  Sa*  72Ia*  and  *  are  calculated  aa  follows: 

721f  "  arctan  [cos  p  sin  721  sin  (cos  sin  - 

sin  p)] 

with 

-90°  §  7uf  S  90° 


and 


0  S  72lf  <  360° 


Apogee  longitude  is 


u. 


p  -U|a  +  (180/jt)wTa  If  “130®  <  p  -  +  (180/-  >0^  <  180® 


360°  +  |i  -  pja  +  (180/ff)uT 


-360® 


+  u  -  jija  +  (180/T;)utfi 


if  -180®  (ieo/*)<  t4 


If  180°  <  u  -  y|a  +  <180/ir)w 
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The  total  ground  range  to  apogee  is 


arccos  (cos  p.  cos  p  cos  A  +  sin  pT  sm  p  ) 

L  3  3  L  A 

If  0  *  A  <  180° 

& 

360®  -  arccos  (cos  p.  cos  p  cos  A  4-  sin  p.  sin  p  ) 

L  a  a  L  a 

If  180°  S  A  <  360° 

__  A 

[1  S  180° 


Inertial  azimuthal  flight  path  angle  at  apogee  is 

7 21a  ■  arctan  I (cos  p  sin  sin  ♦ft)/(cos  sin  p^  -  sin  p)] 
where  0  S  >2Ia  <  360* 

Inclination  angle  is 

i  *  arccos  (cos  p  ain  72I) 
where  0  £  i  $  180° 

Calculate  the  atmospheric  entry  condition  if  the  following 
criteria  are  met: 

1.  hg  +  0  where  he  is  input 
2-  ra  >  rE 

3.  r_  ■  r  +  h  If  7*  <  0,  then  h  >  h 
H  e  e  'll*  e 


„  fa/mo^e 
a  8076.10332 


where  0  i  arccos 
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If  the  above  are  satisfied,  compute  the  glide  range  to  entry  angle 

4>a  +  arctan  {[e2  -  (1  -  a2rc/r£)2]^/ (1  -  a2rc/‘rE) 

If  rp  <  rE 

where  0  £  arctan  []  <  180® 

(180/ it)  [«{(rc/rE)a1  +  1  +  2  [1  -  <rE/rfc)]/[l  -  r2/r2) 

<t>E  *  cos^j]}  +  («/180)  arctan  | {2a^[ (rc/r£)  -  1]  tan 

7lI)/(trc/rE  ’  1)]2  -  tanSl>]l 

If  r  %  r 
P  E 

where  0  £  arctan  ()  <  180° 

■» 

-  360°  <  4»e  <  360° 

The  glide  time  is 

t£  *  r£  ['l-a2)  sin  +  a3a4  (“cos  +  VJT'E^ cos  7X1! 

+  2[r^/GM<2-a1)3]*<K/lS0)  arctan  {[(-l+2/a^*  sin  (<t>£/2)]/ 
cos  (a5  4-  «J>E)] 

where  0  <  arctan  {}  ?  180°  and 
Total  flight  time  to  entry  is 

4  *  '  +  te 

where  t  is  the  current  time. 

The  total  range  angle  to  entxy  is 
-  *  +  a^  «t»E  -  (180/*)ute 

where  0  is  the  current  range  angle  and  u  is  the  quasi  earrh 
rotation  role. 
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The  ground  range  is 


SE  -  («/180)<S>Ere/6Q76. 10333 
Entry  latitude  is 

p£  «  arcsin  (sin  p  cos|$Ej+  cos  p  sin  |$Ejcos  y^) 

with 

-90°  ?  p£  <90° 

where  p  and  are  the  instantaneous  latitude  and  azimuthal 

flight  path  angle,  recpectively. 

The  components  of  inertial  velocity  and  total  inertial 
velocity  at  the  entry  altitude  are 

• 

rE  *  ^VI  COS  rll^a3a4  CCS  sln  *E^a2^a4 

cF*E  “  (IBO/rtHr^  cos  7u>/rE 

he  ’  [*e  +  fa/180>2  (rEiE>2,t 

and  the  entry  inertial  flight  angle  is 

71IE  =  arctan  rE/[rff0E(jc/180)] 

where  -180°  <  yr„  £  180° 

'  IE 

72IE  *  arctan  tcos  P  8in  721  sin  ♦e^COS  sin  PE  "  sin 

with 

-90°  •'  7nE  s  90* 
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The  velocity  end  flight  path  angle  with  respect  to  the  ambient 
air  at  entry  conditions  are 

VaE  *  (VIE  '  ^  VIE  re  8in  72IE  COB  PE  C0S  71IE  +  rE  «  COS\ 
7 IE  *  arc8in  (VIE  Bin  7lIE/VaE 


Integrals 


a . 


Motor  Impulse 


The  vacuum  impulse  is 
t 


'  J 

k 


F  dt 
v 


and  total  impulse  during  the  k-th  stage  is 
t 

I  ■  f  F  dt 
Ck 

where  tj.  is  the  time  the  k-th  stage  begins  and  t  is  the  current 
time. 

Control  Impulse 

The  control  system  related  integrals  are 

Ip  -  (1  +  Kj)  /  |Fz|dt 


iY  -  (i  +  k  >  r  |fy  J  dt 


where 


K'  If  K'  *  0 

A  A 


V 


L 


Otherwise 


Aj  is  the  input  amplitude  of  the  limit  cycle,  is  the  input 

frequency  of  the  limit  cycle,  tR  is  stage  time.K*  is  the  input 

D  u 

side  impulse  multiplier. 


l6P  2  *B  ALWl/*  +  J 

Ck 


!sP  i  dt 
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Hy  =  2  CB  AL  +  J  + 

tk 


dt 


l8?  =  (ni/nc>  H? 


Hy  (nn/”c5  X8Y. 


where 


If  t  and  a  »  0 
c  c 

K '  <6pj  -  Bp<j-D/Atc> 
\  ‘  <6Vj  ‘  Vj-1)/Atc> 


where  Ip  and  1.^  are  the  pitch  snd  yaw  side  impulse,  respectively; 

and  I*  and  I*  are  the  sum  of  angular  thrust  vectoring  velocities. 
oP  oi 

The  integrals  are  ignored  if  Hy  f  5. 


The  roll  centrol  expended  impulse  is 
t 


/ 


Fsdt 


Aerodynamic  Heating 


The  heat  integral  is 


H  -  /  q  V  dt 
e  J  n  a 

o 


where  t  is  the  trajectory  start  time,  q  the  missile  dynamic 
o 

pressure  and  the  total  vehicle  velocity  with  respect  to  the  air. 
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d. 


Delta  Velocities 

The  following  are  computed  merely  for  print  purposes. 
The  thrust-to-weight-f low  ratio 

f  0  If  W  «  0 


|f/w|  - 


!f/w  ! 


where  F  and  W  are  total 


Otherwise 

instantaneous  values. 


The  gravity  loss  from  trajectory  initiation 


L 

g 


t 

/  8Zlsin7ldt 
o 


where  t  is  the  trajectory  start  time,  G-..  is  the 
O  Zi 

gravity  acceleration  components  and  the  instantaneous  flight 
path  angle. 


The  ideal  velocity  from  stage  initiation 
t 

AV  -  i  f  (F/W)  dt 
Ck 

where  gg  is  gravity  at  the  reference  body  surface  and  t^  is  the 
stage  initiation  time. 

The  drag  loss  from  stage  initiation  is 
t 

V  ge  tj[  [(C  +  CB?)  COS  a'  +  (Nz  -  dpz  -  N^)  Sin  a 

+  (Ny  -  -  N^)  Sinp]/w  dt 

where  C  is  the  instantaneous  aerodynamic  axial  force. 
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Instantaneous  back  pressure  loss  is 


LF-ge  f  (Fy  -  F)/W  dt 
tk 


where  is  the  instantaneous  total  vacuum  thrust,  F^  is  the  instantaneous 
delivered  thrust  gg  is  the  mass  gravity  and  W  is  the  instantaneous 
vehicle  weight.  Vector  velocity  loss  from  stage  initiation  is 


*V  =*v  -  Lf  •  Lg 


V  +  V  , 
e  eok 


where  V  is  the  ideal  velocity  from  stage  Initiation;  Lp  is  the  back  pressure 

velocity  loss.  is  the  gravity  velocity  loss,  is  the  drag  velocity  loss, 

V  is  the  instantaneous  missile  earth  reference  velocity,  and  V  ,  is  the 
e  •  eok 

missile  earth  reference  velocity  at  state  initiation. 


3. 


Target  Position 


The  target  position  and  velocities  are  determined  from 
(1)  input  code  and  value  (Kjto)  which  designates  the 

start  of  the  target  maneuvering;  (2)  input  initial  velocity 
(IT  ),  fl'ght  path  angle  (7^),  differential  range  azimuth 
altitude  (h^Q),  down  range  (S^Q)  and  cross  range  (s.pCo)  and; 

(3)  tabular  input  target  earth  reference  accelerations  in  "g's" 
tangential  (a^j)  normal  (a^,^)  and  transverse  (a^.)  to  the 
target  velocity  vector  and  the  target  time  tenninating  the  j-th 
acceleration  value 

Tj 


t)  when  the 


Target  Start  Time 

The  target  start  time  is  set,  i.e.  ,  (t  * 

TS 

specific  value,  K^,to,  delineated  by  the  code,  0j,to»  is  achieved. 
If  the  value  har,  not  been  achieved  set: 


t_  -  0 
To 


a__  »  0 
TT 


rT  s  y- 

T  10 


*IB  *  0 

■tc*  ° 


To 


hT  “  0 


JJ_  *  s 
T  To 


S  -  0 
T 


s  *  s 

TC  TCo 


-  0 

TC 


h„  -  h 


To 


Target  Coordinates 

The  target  coordinates  are  as  follows. 
Acceleration  (ft/sec) 

'rj  =  ^TTj  ®e 
'Nj  =  ^TNj  K 

^Cj  =  ^Cj  K 


where  j  is  such  that  t_,,  ..  5  t-t„  <  t„. 

T(j-l)  iS  ij 
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If  t”tTS  S  fcTJ  SGt  J  =  J 

where  J  is  the  number  of  input  time  points  such  that 
CT(k-l)  <  CTj 

The  following  differentials  (target  coordinates)  are  numerically 
integrated  with  respect  to  time. 

Flight  Path  Angle  Rate 

7t  »  (180/ it)  VN/VT 

Azimuthal  Path  Angle  Rate 

£t  =  (180/it)  VC/(VT  cos  7t) 

Altitude  Rate 

hT  =  VT  sin  7t 

Down  Range  Rate 

ST  =  VT  cos  7t  cos 

Cross  Range  Rate 

STC  =  VT  cos  7t  sin  CT 
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Missile-Target  Coordinates 


The  relation  between  the  target  and  missile  is  used  in 

Intercept  Guidance  (T^  =  10)  and  Homing  Guidance  (T^  =11) 

types  of  flight  to  direct  the  attacking  missile  to  the  target. 

The  following  equations  and  logic  delineate  missile  to  taiget; 

differential  altitude  and  earth  surface  down  range  and  crcjs 

•  •  • 

range  distance  (£h,  AS,  and  AS  )  distance  rates  (Ah,  AS,  and  AS  ) 

c  .  c 
and  total  range  distance  and  distance  rate  (R^,  and  R^),  angle 

and  angular  rate  of  the  missile,  to  target  line  and  local  horizontal 

^°MT  an<*  angle  and  angular  rate  of  the  missile  to  target 

line  differential  azimuth  (?^T  and  }^T);  seeker  look  angle  and 

angular  rate  in  pitch  (e^  and  e^.)  and  yaw  (b^T  and  6^);  time 

to  intercept  (t^j);  range  to  target  intercept  (R^);  intercept 

coordinates  ^MCI*  Nll^*  flight  path  angle  to 

intercept  (c^)  and  differential  flight  path  azimuth  to  intercept 

(7mx);  flight  path  error  to  intercept  (e^);  and  flight  path 

azimuth  error  to  intercept  (6^.). 


Missile  to  Target  Distance 


Earth  surface  difference  and  distance  rate 


Down  Range 


AS  =  S  -  S 
T 

AS  -  ST  -  S 


Cross  Range 


AS  =  Sm„  -  S 
c  TC  c 

AS  *  S_r  -  S 
c  TC  c 
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Altitude  Difference  Distance  and  Distance  Rate 
=  hT  -  h 

=  Kp  - 

Missile  to  Target  Distance  and  Distance  Rate 

Rjpp  s  (AS2  +  AS®  +  £hs)h 

=  (ASAS  +  AScASc  +  AhtfO/R^ 

Missile  to  Target  Angles 

Elevation 

o^1T  *  arc  sin  (Ah/R^)  "  90  -  °MT  "  90 

*  (lSO/jtXAhR^  -  ^)/(4  COS  aMT) 

Differential  A2imuth 

Tv^  =  arctan  (ASC/AS)  -  180’  <  ^JT  S  180 
=  (180/*)CAScAS  -  AScAS)  cos2 

Seeker  look  Angle  and  Angular  Rate 

Relative  Azimuthal  velocity  vector  component 

7M  *  arctan  ■  180°  <  rM  5 180 

'o  If  -  0 

y  * 

(180/«)  cos2  7m  I#™  V  "  *TM 

» 
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where 


0  0 
cos  £  sin  ^ 
-sin  ^  cos  £ 


cos  0  0  sin  0 

0  10 
-sin  0  0  cos  0 


cos  ♦  -sin  t.  0 
sin  cos  0 


ee 


*m  '  'V  *, 

*IM  *  tA^)  i  +  (V  X 


ee 


eMT  =  (<kl‘  "  7l)  cos  ?  +  HlT  ‘  7M>  sin  *  "  “ 
^MT  =  Hit  “  7*>  cos  ?  +  Hit  “  ?M>  sin  <p  -  a 

1  +  *  f(7W  '  7mj  cos  9  “  Ht  “  7l)  sin 


Vr  *  Ht  *  7l)  sin  9  +  Hit  "  7m>  cos  <p  +  3 

* 

^t  ~  ^Vr  "*  7*^  S^n  +  Hit  ”  7m^  cos  *p  ^  ^ 

t  V  f(%j;  -  7l)  cos  q>  +  (XMT  -  rM)  sin  <p] 


Target  Intercept  Parameters 


Time  to  Target  Intercept 

Vi  =  V([v?  -  VT  sin*  Vl3‘  “  VT  COS  Sll3 

where 

€*r  =  arccos  [cos  oip  cos  7T  cos  (7^  -  7M> 

+  sin  Oj.  sin  7T} 
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Range  to  Target  Intercept 


^11  "  Ve  SlI 
Intercept  Coordinates 

SMI  “  ST  +  *>11 

^11  ”  hT  +  Sil 

_  • 

CMI  ^CT  +  ^CT  SlI 

Angle  to  Target  Intercept 
Elevation 

%l  =  arc  Sin  ‘  hJ/R^] 

”  90  5  °hl  5  90° 

Azimuth 

Tmi  =  arc  tan  [ (SQ|I  -  S^/^-  S)J 

■  iSO0  <  TMt  s  180 

Flight  Path  Error  to  Intercept 
Elevation 

^11  °hl  “  7x  -180  <  S  180° 

WI 

Azimuth 

^!I  =  ^I  ~  7M  -i80  <  6^fI  <  ISO6 
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5. 


General 


Because  the  following  parameters  can  be  involved  as  switching 
functions,  their  solutions  are  necessary  after  each  integration 
step. 


Stage  Data 


The  instantaneous  current  stage  time  and  main  weight  are 


CB  =  C  '  Ck 


and 


WB  “  Wgjk  - 

where  t  is  the  instantaneous  time,  t.  the  stage  start  time,  W 

k  °  gjk 

the  main  step  weight  for  the  current  stage  at  time  t^,  and 
the  main  weight  lost  between  t^  and  t. 


b. 


Earth  Referenced  Values 


The  total  vehicle  velocity  with  respect  to  the  launch 
site  is 


v  =  (x2  +  y2  +  z2  y 

e  ee  ee  ee 


where  Xfie  is  obtained  from  the  integration  of  the  linear  momenta 
equations. 


The  total  vehicle  acceleration  along  the  flight  path  with 
respect  to  the  launcher  is 


V  = 


•  •a  **  -  X 

(x2  +  y2  +  z2  y 

ee  ee  ee 


If  V. 


•  ** 


XX  +YY  +ZZ 
ee  ee  ee  ee  ee  ee 


Otherwise 


where  Xgg  is  obtained  from  the  linear  momenta  equations. 


The  local  pitch  flight  path  angle  is 


If  V  -  0 
e 


arcs  in  (-Z, ,/V  )  Otherwise 
'  11  e 


-  90°  $  *  90° 


If  V  =  0 
e 


(Z...V  -  Z..V  )/(V2  cos  71)  Otherwise 

11  e  lie  e  * 


and  the  local  azimuthal  angle  is 


If  V  =  0 
e 


«  • 

arctan  (Y^/X^)  Otherwise 


where  0  £  72  <  360° 


If  xu  =  0 


(*YnXii  -  ^nYn)  cos2  72 


‘lnijinr 

W, 


Otherwise 


where  the  velocity  and  acceleration  components  in  the  1  system 


*n  *  'V1 


*11  -  «*!>'*  +  »x>'1  *ee 


m 
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c 


Local  bank  Atri  code 


/  m 


Transformation  from  the  local,  north,  east,  and  down 
system  to  the  missile  axis  system  for  a  commanded  angle  of 
attack,  nigle  of  sideslip,  and  back  angle  is  accomplished  b\ 

:S>b  ■  >v  1Ab!  1A=>  IAvxJ[vJ  *11 

Kb  - fAl  Ki 

where  the  azimuth  velocity  vector  transformation  is 


cos  y2  -sm  y2 
sin  y2  cos  y2 
0  0 


-sin  7s 

-cos  v2 

0 

0 

-is 

~ 

0  1 
I 

7? 

cos  72 

-sin  72 

0 

yp 

0 

i 

0  1 

0 

0 

0 

0 

0 

o ! 

- 

- 

- 

j 

'V 


where  the  elevation  velocity  vector  transformation  is 


V  ■  ! 0 


cos  y.  0 

i  °  1 

i 

I  sin  0 


sin  y-i 
0  s 

i 

cos  y i  ! 


;  -sin  yl  0 


-  -1  .  ! 
l‘\J  •  |  0 


[  cos  -'i  0 


cos  y^i  0 

0  =  •  0 
-sin  y1  i-7 1 


'V 


ii 


The  bank  angle  transformation  is 


1 


0  cos  O'  sin  cp 

0  -sin  cp  cos  cp 


The  angle  of  attack  transformation  is 


-1 

[A*.  1  - 


cos  a 
0 

-sin  ci 


+sin  ci 
0 

cos  a 


* 

-sin  Of 

0 

cos  Of 

0 

0 

Of 

0 

0 

0 

St 

0 

0 

0 

-cos  Of 

0 

-sin  Of 

m 

a 

0 

0 

« 

*  -l 
fA  1  • 
a 


The  side  slip  angle  transformation  is 


TA  ']‘= 


cos  b' 

_  t 

-sinb 

0 


+s  inb 
cos's ' 
0 


nb*  0 


where  3  arctan  f(tan  3)/ (sec  or  )1 
r 


'O 


where 


j  -sin  b  cos  6'  0 

» 

j  -cos  b'  -sinb'  0 


q  If  cos  6*0 

2  '/ 

Cos  3  _L  _  1  —  - 

■  __________  [  b  Cos  a  *  C  sin  b  cos  b  sin  «  ] 

2_ 

_  Cos  b 

The  instantaneous  bank  angle  is 


fA  1 
a 


0  lVr 


otherwise 


cp  *  arctan  (a  / a  ] 


414 


tAn]  =  (Aai*1  iA;r*  I®]'1  I\!  tAvSrl  [A  r1 


where 


<V  = 


'A^l'1  IAJ'1  I®]*1  (Aji  (A^f1  IA7lfl 
+  fAyl  iAarX  I®!*1  tAjl  [A^f1  |Arirl 
■HAJ1'1  lAal‘l  SD!'1  IA, )  (A_f 1  [A.,rl 


7s  7 1 


+  IAJ1’1  (AJ-1  [D]*1  Uj]  [Ar2]“X  lA^r1 
+  fA^]_1  [AJ~-  [Df1  [A^  [Arl]_l 

+[A*r1  [A^r1  n>r*  (a1i  [a  i-J  tA^r1 


0>  =  (180/ tr  )  fa  a  -  a  a  ") 

©22  ©23  ©23  ©22 


Inert  Lai  Values 


The  inertial  values  are  referenced  to  a  system  fixed  in. 


but  not  rotating  with  the  earth. 


The  missile  energy  per  unit  mass  is 


\Jt,  *  i2-j/r  -  OM/r  +  \'/2 
e  t  1 


where  zero  potential  energy  is  assumed  at  the  sort  ace  ot  liu 

rclin-nc.  bode,  r  is  the  input  reference  hod'.  ad<us,  v..'  tr 
e 

computed  from  input,  and  and  VI  arc  the  miss- to  dista«<e  t  re 
earth  tenter  and  inertial  velocity  respectively. 


U5 


The  inertial  velocity  components  are 


where 


'V 


if  the  irput  "PL-KB"  is  nonzero  or  if  the  type  c£  flight, 
T  ,  is  four  or  five  or  the  current  stage  a  is  nonzero. 

y  glK 


X  =  (A  ]  X 
gg  g  es 


SS 


[A  ]  X 
g  ee 


[A  ]  X 

»-  r* i 


ee 


S  i  o 


0  cos 


0 

s  in  0 


—  r 


0  -sin 


cos  o 


cos  sin  0 
S  S 


-sin  V  cos  V  0 
S  8 


cos  h 


sin  •• 


0  -sin 
1  0 
0  cos 


The  orientation  of  the  g  system  is  shown  in  Figure  17  for 
and  t  equal  to  zero. 
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6 


7VC  Requirements  and  Duty  Cycle 

The  following  parameters  are  calculated  and  stored  in  the  L-7000 


•l^iia;:li^ll!i;ihl;ii3t'i;i|'!|i|uii:i;:iii;i::i!M||iiriliili'i|!|i'ii;ii;i:!;l|;^  . . . .  . . . 


L-No. 

Symbol 

Definition 

Units 

7000 

i 

Motor  thrust  impulse  for  TVC  duty  cycle 
stage. 

lb-sec 

7001 

i 

V 

Motor  vacuum  thrust  impulse  for  TVC 
duty  cycle  stage. 

lb-sec 

7002 

X 

e 

TVC  duty  cycle  stage  thrust  vector  point 
br.dy  station. 

ft 

7003 

X  c 

nt 

Body  station  of  nozzle  flange  of  the  TVC 
design  stage.  Input  in  L-6SC. 

ft 

7004 

6 

me 

Design  maximum  vector  angle  for  TVC 
duty  cycle  stage.  Input  in  L-681. 

deg 

7005 

ISPM 

Main  table  specific  impulse  for  the 

TVC  duty  cycle  stage.  Input  in 

L-(Kdc)  010. 

sec 

7006 

u 

c 

Slow  frequency  used  in  the  TVC  design 
stage  slew  rate  calculation. 

rad/sec 

7007 

» 

&S 

Control  system  design  slew  rate  for  TVC 
design  stage. 

deg/sec 

7008 

gs 

Slew  angle  for  TVC  design  stage. 

deg 

7009 

#• 

TP 

Pitch  control  thrust  impulse  per  control 
motor  from  TVC  duty  cycle  initiation  to 
stage  termination. 

lb-sec 

7010 

f6P 

Integral  of  the  pitch  angular  thrust  vectoring 
velocities  from  TVC  duty  cycle  stage 
initiation  to  stage  termination. 

deg 

7011 

V 

Stage  time  at  which  maximum  magnitude 
pitch  thrust  vector  deflection  angle 
occurs  during  the  TVC  design  stage 

<W- 

sec 

7012 

"!p 

Ratio  of  the  delivered  thrust  (F)  to  vacuum 
thrust  (Fvac)  at  maximvp  magnitude  pitch 

TVC  deflection  angle  (^pinax)* 

dim 

7013 

• 

Pmax 

Maximum  pitch  thrust  vector  deflection 
angular  rate,  for  the  TVC  design  stage. 

deg/aec 

Maximum  magnitude  pitch  thrust  vector 
deflection  angle,  per  control  motor  for 
the  TVC  design  stage. 


419 


L=iia* 

7015 

Symbol 

Definition 

Units 

I 

y 

Yaw  control  thrust  impulse  per  control 
motor  from  TVC  stage- initiation  to 
stage  termination. 

lb-sec 

7016 

Yaw  deflection  rate  integral  per  vehicle 
control  motor. 

deg 

7017 

Stage  time  at  which  maximum  magnitude 

yaw  thrust  vector  deflection  angle  occurs 

during  the  TVC  design  stage  (Su  ,). 

xroax 

sec 

7018 

Ratio  of  the  delivered  thrust  (F)  to  vacuum 
thrust  (F  )  at  maximum  magnitude  yaw  TVC 
deflectionaangle  (S^ax^* 

dim 

7019 

6 

Ymax 

Maximum  yaw  thrust  vector  deflection 
angular  rate,  for  the  TVC  design  stage. 

deg/sec 

7020 

^Ymax 

Maximum  magnitude  yaw  thrust  vector 
deflection  angle,  per  control  motor  for 
the  TVC  design  stage. 

deg 

7021 

qa’ 

max 

Product  of  the  maximum  absolute  value 
of  the  dynamic  pressure-angle  of  attack 
for  the  TVC  design  stage. 

lb-deg/sq  ft 

7022 

q  ’ 

Dynamic,  pressure  at  maximum  qa*  during 
the  TVC  duty  cycle  stage. 

Ib/sq  ft 

7023 

lqa 

TVC  duty  cycle  stage  time  at  maximum 
qa‘. 

sec 

7024 

CN0q 

Aerodynamic  normal  force  coefficient 
at  maximum  qa’  during  the  TVC  duty 
cycle  stage. 

l/dcg 

7025 

V 

Mach  number  at  maximum  qa'  during  the 

TVC  duty  cycle  stage. 

dim. 

7026 

6 

ave 

Average  TVC  deflection  angle  per  control 
motor  for  the  TVC  design  stage. 

deg 

7027 

Kdc 

Stage  number  of  the  TVC  duty  cycle  stage. 

Input  in  I. -671. 

dim. 

7028 

db 

TVC  duty  cyr.?°  stage  case  diameter 
from  axial  force  reference  area. 

in. 

7029 

^Vwi 

Stage  I  vacuum  thrust  to  liftoff  weight 
used  in  the  vehicle  characteristics 
pertinent  to  roll  requirements. 

g'S 

7030 

tB 

TVC  duty  cycle  stage  time. 

sec 
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L-No 


Definition 


Units 


Symbol 


7031 

r 

'  vave 

TVC  duty  cycle  stage  average  vacuum 
thrust. 

lb 

7032 

V 

o 

TVC  duty  cycle  stage  liftoff  weight 
used  in  the  roll  control  requirements. 

lb 

7033 

Ratio  of  motor  chamber  pressure  to 
vacuum  thrust  of  the  main  thrust  table 
of  the  TVC  design  stage. 

1/sq  in. 

7034 

«d 

Noz2le  average  expansion  ratio  for  TVC 
design  stage.  Input  in  L-^K^g)  013.  - 

dim. 

7035 

K 

Nozzle  throat  area  for  the  main  motor 
of  the  TVC  design  stage. 

sq  in. 

7036 

9d 

Ratio  of  specific  heats  of  the  rocket 
motor  exhaust  gases  of  the  TVC  design  t/cage. 

dim. 

7037 

p 

ca 

Action  time  average  motor  chamber 
pressure  for  the  TVC  design  duty  cycle  stage. 

lb/sq  in, 

7036 

C* 

Rocket  motor  propellant  characteristic 
velocity  for  the  TVC  design  duty  cycle  stage. 

ft/sec 

7039 

W 

TVC 

Estimated  TVC  system  fixed  weight. 

Used  in  TVC  design  stage  for  the  refly 
option.  Input  in  L-677. 

lb 

7040 

u 

exi 

Estimated  weight  of  the  TVC  system 
expended  weight  during  the  TVC  design 
stage  during  the  original  vehicle  flight. 

Input  in  L-678. 

lb 

7041 

I 

spaug 

Estimated  TVC  system  caused  specific 
impulse  augmentation  (positive)  or 
degradation  (negative).  Used  in  trajectory 

TVC  design  program  refly.  Input  in  L-679. 

sec 

7044 

n 

m 

Number  of  motors  in  the  stage  cluster 

dim. 

7045 

n 

c 

Number  of  control  nozzles  for  the 
cluster  motor  logic. 

dim. 

7046 

Adc 

Number  TVC  duty  cycle  t_  data  points. 

D 

dim. 

7047 

^Hizmax 

Maximum  of  the  absolute  value  pitch  fin 
hinge  torque  for  the  TVC  design  stage. 

ft-lb 

L-No. 

Symbol 

Definition 

Units 

7048 

^hymax 

Maximum  of  the  absolute  value  yaw  fin 
hinge  torque  forthe  TVC  design  stage. 

ft-ib 

7052 

kqOC’ 

Altitude  of  TVC  duty  cycle  stage 
maximum  qa*. 

ft 

7053 

P 

qa’ 

Atmospheric  pressure  of  TVC  duty 
cycle  stage  maximum  qo . 

lb/sq  ft 

7054 

*VM 

Integral  of  the  vacuum  thrust  of  the 
input  main  thrust  table  in  the  TVC  duty 
cycle  stage.  Ini>ut  in  L-fK^)  005. 

lb-sec 

7055 

Initial  main  weignt  for  the  TVC  duty  cycle 
stage.  Input  in  L-(K(jc)  006. 

lb 

7056 

*tM 

TVC  duty  cycle  stage,  the  main  switching 
time  multiplier.  Input  in  L~(K(jc)  009. 

dim. 

7057 

aqa* 

Angle  of  attack  in  pitch  at  TVC  design 
stage  maximum  qOt‘ . 

deg 

7058 

Bqa» 

Angle  of  side  slip  in  yaw  at  TVC  design 
stage  maximum  qa* . 

deg 

7059 

p 

cmax 

Maximum  main  motor  chamber  pressure 
in  TVC  duty  cycle  stage. 

lb/sq  ft 

7060 

>  • 
ft 

x 

Pintle  System  required  threat  area  rate. 

in2 /sec 

7061 

*At 

Integral  of  the  absolute  value  of  the 
pintle  throat  area  rate. 

in 

7062 

F 

max 

Pintle  motor  maximum  vacuum  thrust 

lb 

7063 

P 

cmax 

Pintle  motor  chamber  pressure  at  maximum 
vacuum  thrust 

lb/in.^ 

7064 

cmax 

Pintle  motor  expansion^ ratio  at  maximum 
vacuum  thrust 

dim. 

7065 

A*  * 
tmin 

Pin>,le  motor  throat  area  at  maximum 
vacuum  thrust 

in." 
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L-No. 

Symbol 

Definition 

Units 

7066 

Cfmax 

Pintle  motor  vacuum  thr  coefficient 

at  maximum  vacuum  thrust 

dim. 

7067 

F  . 
min 

Pintle  motor  minimum  vacuum  thrust 

lb 

7068 

P 

cmm 

Pintle  motor  chamber  pressure  at  minimum 
vacuum  thrust 

lb/ in 

7069 

emin 

Pintle  motor  expansion  ratio  at  minimum 
vacuum  tnrust 

dim. 

7070 

A 

tmax 

Pintle  motor  throat  area  at  minimum 
vacuum  thrust 

.  2 
m . 

7071 

^fmin 

Fintle  motor  vacuum  thrust  coefficient  at 
minimum  vacuum  thrust 

dim. 

7072 

A 

xmax 

Motor  extinguishment  throat  area 

.  2 
in. 

7073 

A 

tmn 

Pintle  motor  duty  cycle  minimum  throat  a 

2 

in. 

7074 

A 

tmx 

Pintle  motor  duty  cycle  maximum  throat  area 

.  2 
in. 

7100 

7199 

CBq 

Stage  time  at  which  TVC  duty  points  occur. 

sec 

7200 

7299 

Pitch  thrust  deflection  angle  at  t  . 

Bq 

deg 

7300 

7399 

&Yq 

Output  modified  yaw  thrust  deflection  angle 

at  t_  for  TVC  design  stage. 

Bq 

deg 

7400 

7499 

F 

q 

Delivered  motor  thrust  (F)  at  t_  during 

TVC  design  stage.  *** 

lb 

7500 

7599 

X 

cgq 

Vt"  icle  cent er-of -gravity  at  t  ;  the 

TVC  duty  cycle  point. 

ft 

7600 

F 

vacq 

Vacuum  motor  thrust  during  the  TVC 

design  stage  (F  )  at  t_  . 

vac  Bq 

lb 

7700 

W 

q 

Output  motor  weight  flow  (W)  at  t„  the 

lb/sec 
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a.  Slew  Rate 


The  calculation  of  maximum  TVC  slew  rate  is  computed  as  follows: 
o„  =  0.22797  w 

S  C  b 

where  5^  is  the  design  slew  rate,  Sg  is  the  pitch  slew  angle.  The 

0.45594  0^/2)  factor  is  created  by  the  maximum  velocity  of  the 

response  to  a  unit  input  step  function  at  one-half  band  width  frequency. 

If  the  input  does  not  have  ui  ,  then  the  following  logic  is  used  for 

c 

evaluating  the  actuator  system  band  width  frequency. 

Slew  Frequency 

w  If  u>  t  0 

S  8 

W  If  u  =  0  and  “  f  0 

C  SO 

anti  in  [12.146979  -  1.3829872  (in  WQ1)  ] 

+  0.062446656  (Zn  WQ1)2  -  0.00093655891  (in  WQ1)3] 

Otherwise 

where  Wni  is  the  stage  I  liftoff  weight,  w  is  the  input  slew 
Ui  8 

frequency  at.d  is  the  input  second  order  TVC  frequency. 


c 


O' 


Slew  Angle  Amplitude 


The  deflection  terms  of  the  slew  rate  are  computed  as  follows: 


5?max 


The  maximum  magnitude  pitch  deflection  in  the  region  where 

h  <  h  <  h.  and  h  <  h 
o  0  a 


and 


l&FM“ 

6pJ 

or 

o> 

1 

6ph' 

,  whichever 

is  greater 

18 

•  YM 

V 

or 

,  whichever 

is  greater 

where  8^  and  are  the  maximum  magnitude  pitch  and  yaw  deflection 

angle  in  the  region  where  h.  S  h  5  h  and  5  ,  6  ,  5^  ,  and  5  are 

D  J-  ru  rcl  Yii  Yrt 

the  pitch  and  yaw  deflections  at  the  input  altitudes  h0  and  h  . 

p  Ot 


If  hf 


YL 


falls  outside  the  TVC  design  stage  altitude  regime,  set 

0. 


&s  -  MAX  ( 


|S*  | 

pmax 


^?W 


,  and  6^) 


5S  *  <n»/r‘c>  8S 


where  n  and  n  are  the  internallv  calculated  number  of  motors 
me 

in  a  cluster  and  the  number  of  control  nozzles  in  that  cluster 
respectively. 
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It  is  suggested  that  the  altitudes  h,.  and  h„  correspond 

d  a 

to  the  altitude  at  which  the  wind  shears  start  and  stop,  respectively. 
Using  these  altitudes  will  assure  that  the  maximum  thrust  vector 
deflection  used  in  evaluating  design  slew  rates  will  be  approximately 
compatible  with  the  actual  iystem  requirements  for  near  step 
function  inputs. 


b.  Duty  Cycle 


The  values  of  sPq.  SYq,  xcgq.  Fq,  F^,  \5q  at 
are  stored  for  the  ^dc"th  stage  for  use  In  the  hardware  design 
subroutine. 

Where 


5_  is  the  modified  pitch  thrust  deflection  angle  GO  at  t_  (deg), 
rq  r  Bq 

5^  is  tl.e  modified  yaw  thrust  deflection  angle  (5y)  at  t^  (deg), 

x  is  the  instantaneous  vehicle  center-of-gravity  at  t_  (ft), 
cgq  Bq 

F  is  the  delivered  motor  thrust  (F)  at  t_  (lb), 

q  Bq 

F  is  the  vacuum  motor  thrust  (F  )  at  t  (lb), 
vacq  vac  Bq 

•  • 

is  motor  weight  flow  (W)  at  t^  (lb/sec) 


Where 


t  is  the  stage  compute  time  lust  greater  than  or  equal  to 

Jt£/Adc  <J  *  °»  J »  2»  •  •  ♦  »  Adc)  and  at  stage  termination. 

If  any  of  these  conditions  coincide,,  one  value  shall  be  stored. 

The  number  of  data  points  shall  be  counted  and  stored  as  n,  , 
B  dc 


Where 

is  greatest,  t’K  or  C  K  (j  =  1,  2,  or  10)  value  on  the 

f  j  ^  ^-1  ^ 

input  thrust  time  values  for  the  TVC  duty  cycle  stage. 


is  the  input  value  of  number  of  desired  duty  cycle 
points  (99  maximum)  if  input  zero,  set  equal  to  50, 


v  is  the  input  stage  number  of  the  TVC  duty  cycle  stage, 
dc 
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and  K  are  the  switching  time  multipliers  for  the  main 
and  complementary  thrust  tables. 

c.  Modified  Thrust  Deflection  Angle— The  modified  thrust  deflection  angle  is 
6p  -  I6p  +  Aj.  sin  (t^  (180/irl  [t  -  tfc])]  fcWnJ 

§Y  *  [By  +  \  sin  ll80/,£Tf  ~  (nJnc) 

%  »  t5F  +  \  “l  cos  (^[WO/rl  [t  -  tkl)]  (nm/nc) 

By  -  [By  +  ^  «L  COS  (^[180/trl  [t  -  1  > ]  (n^) 

Where 

5p  ^  are  fcBe  pitch  and  yaw  thrust  deflection  angles  (deg), 

i> 

Bp  Y  are  the  pitch  and  yaw  thrust  deflection  angular  rates  (deg/sec) 
is  the  amplitude  of  the  limit  cycle  (deg), 
t  is  the  time  (sec)  and  fc.  is  stage  initiation  time  (sec), 
is  the  frequency  of  the  limit  cycle  (rad /see), 
is  internally  calculated  number  of  motors  in  a  cluster  (dim), 
n^  is  the  number  cf  control  siocors  in  the  cluster  (dim), 
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<1. 


yA  Jific-1  Di-tv  Cycle  ’I  hrust  Vector  Integrals  and  Weights  Flow  for  a 
Single 

The  thrust  vector  integrals  and  weight  flow  per  motor  of  a  cluster 
configuration  is 


F  =  F/n 


m 


F  =  F  /« 
vac  vac  m 


W  »  W/n 


m 


I  -  I  /n 
v  v  m 


I  *  i/n 


m 


!p  ’  V"c 


I  -  I_/n 
y  Y  c 


OP  '  (nn/nc*  *5P 


T6V  *  <W  V 


Where 


F  is  the  instantaneous  motor  thrust  (lb), 

F  is  the  instantaneous  vacuum  motor  thrust  (lb), 
vac  v  ’ 

•* 

W  is  the  instantaneous  motor  weight  flow  (Ib/sec), 

1^  is  the  motor  vacuum  thrust  impulse  from  TVC  duty  cycle 
stage  initiation  to  stage  termination  (lb-sec), 

1  is  the  total  vehicle  vacuum  thrust  impulse  from  TVC 
duty  cycle  stage  initiation  to  stage  termination  (lb-sec). 


I  is  the  total  vehicle  delivered  thrust  impulse  from  TVC 
duty  cycle  stage  initiation  to  stage  termination  (lb-sec). 


. . . . . . 


I  is  the  pitch  control  thrust  impulse  per  control  motor 
from  TVC  duty  cycle  stage  initiation  to  stage  termination 
(lb-sec). 


i_  is  the  pitch  deflection  rate  integral  per  vehicle  control 
cp 


motor  (deg). 


I*  is  the  integral  of  pitch  angular  thrusting  vectoring 
cp 

velocity  from  stage  initiation  (deg). 


Vehicle  Characteristics  Pertinent  to  Roll  Requirement 


Average  Stage  Vacuum  Thrust 


F  *  I  /  t 
vave  v  B 


where  1^  and  tfi  are  the  TVC  duty  cycle  stage  vacuum  impulse  and 
stage  time  respectively  at  stage  termination. 


TVC  Stage  Liftoff  Weight 


Wq  «*  ^^dc)  is  the  vehicle  weight  at  TVC  duty  cycle  stage 
initiation. 


Stage  I  Vacuum  Thrust  to  Weight 


I£  'W  * 0 


If  K.  -  1 


Base  Diameter 


B  -  24.0  (S  At)' 
ltdc 


Otherwise 
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. . . . . . , . Ill :i„i, I, Iiin.i  . . .  . . 


*> 


4.P- 


X  / 


Maximum  Dynamic  Pressure  ••  Angle  of  Attack 

TV,e  maximum  q  *  and  the  corresponding  normal  force 
coefficient  and  stage  time  are  saved  for  the  TVC-  duty  cycle 
stage. 


-NOq 


nJ  /[S^  (qa-)]  at  qa’  max 


where  Nz  is  the  normal  force,  SRN  is  the  aerodynamic 
area  and  qQ£‘  is  the  dynamic  pressure-angle  of  attack 


q«’  *  qflf'  at  maximum  qa* 

max 


t  =  tR  at  maximum  qa*  (stage  time) 
Mg  *  Mach  number  at  maximum  qa' 

*  Dynamic  pressure  at  maximum  qa’ 


h^.  *  Altitude  at  maximum  qct’ 


Qfqa,  *  Angle  of  attack  at  qa' 


S  ,  * 
qa' 


normal  reference 
product . 


Angle  of  side  slip  at  qa’ 


Nozzle  Parameter 


The  parameters  input  of  internally  calculated  in  the  program 
germane  to  the  nozzle  design  are  RppV»  ed>  Afc,  IgpM>  Pca»  C*, 
and  rd  for  the  TVC  design  stage,  and  IspM  are  input 
7d  is  specified  in  Main  Thrust  Weight  logic. 


and 


Motor  Chamber  Pressure  to  Vacuum  Thrust  Ratio 


RPFV 


!f  ed  «  0 


PCOFMV  .  n  / 144  Otherwise 

m 


where  PCOFMV  is  the  ratio  of  chamber  pressure  to  vehicle  main 

vacuum  thrust  calculated  in  the  nozzle  separated  flow  logic,  n 

m 

is  the  number  of  motors  in  a  cluster  and  cd  is  the  input  nozzle  expansion 
ratio. 

Motor  Nozzle  Throat  Area 


144  A  „/(€,r.  ) 
eM  d  m 


!f  ed  *  0 


Otherwise 


where  A^  is  the  input  nozzle  exit  area. 


Action  Time  Average  Motor  Chamber  Pressure 


Pca  *  Tv  *  ^FV^I 


where  I  is  the  motor  vacuum  thrust  impulse  from  TVC  duty  cycle 
stage  initiation  to  stage  termination,  and  t  is  the  TVC  duty 
cycle  stage  time. 


<4j> 


Rocket  Motor  Propellant  Characteristic  Velocity 


C* 


\  0  If  €  *  0 

a 

PCOFMV  ,  A«  .  g  .1  .,/e ,  Otherwise 

e  e  spM  a 


where  is  the  input  vacuum  specific  impulse  for  the  main 

thrust  weight  table. 


Average  Thrust  Vector  Deflection  Angle 
®ave  *  atC  Sin  + 

where  Ip  and  and  I  are  the  pitch  control  thrust  impulse,  yaw  control 
thrust  impulse  delivered  thrust  impulse  per  control  motor  for  the  TVC 
duty  cycle  stage. 
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e.  Thrust  Modulation  Control  Related  Parameter 


If  0^  f  0  for  the  TVC  design  stage  the  following  parameters 
are  calculated  and  stored. 

2 

Pintle  System  Required  Throat  Area  Rate  (in  /sec) 

k„  *  0.45594  w  (A  -  A  ,  ) 
tmax  p  xmax  xmin 

where  is  the  pintle  control  frequency  (rad/sec),  ^■3anax 

the  maximum  extinguishment  throat  area  and  A  ^  is  the  minimum 

threat  area  and  0.45594  is  the  factor  created  by  the  maximum 

velocity  cf  the  response  to  a  unit  input  step  function  at  a 

band  width  frequency  u  and  amplitude  of  (A  -  A  .  ). 

’  J  p  xmax  xmin 

Integral  of  Pintle  area  rate  (in) 


/•fcB  *  . 

-  J  V  dc 


where  A  is  the  rate  change  of  throat  area  and  t  is  the  stage  time, 
t  i) 

Minimum  Throat  Conditions 

The  minimum  throat  area  value  is  evaluated  from  each  compute 
interval  and  the  corresponding  values  of  thrust  coefficient,  chamber  pressure, 
vacuum  thrust,  and  nozzle  expansion  ratio  are  also  saved. 


Q.  *  C 
fmax  FI 


F  =  F 
ma:;  MV 


i  *  € 
max 
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Minimum  Throat  Conditions 

The  minimum  throat  area  value  is  evaluated  from  each  canputer 
interval  and  the  corresponding  values  of  thrust  coefficient  chamber 
pressure,  vaccum  thrust,  and  nozzle  expansion  ratio  are  also  saved. 

^tmin 

Cfmax  *  CFI 

F  *  F 
max  MV 

c  «  c 

max 


Maximum  Throat  Conditions 

The  maximum  throat  area  value  is  evaluated  from  each  compute 
interval  and  the  corresponding  values  of  thrust  coefficient ?chamber 
pressure,  vacuum  thrust  and  nozzle  expansion  ratio  are  also  saved. 


Cfmin  ”  CFI 


F  ■  F 
min  MV 


€  ■  € 
max 


436 


I . .  XL  . . mm . 


K. TRAJECTORY-  LOGIC 


Logic  governing  stage  initiation  and  termination,  numerical 
integration  step  size,  and  the  times  at  which  trajectory  values 
are  printed  are  defined. 

Initiation  -  Termination 

Trajectory  Initiation 

It  is  possible  to  start  a  trajectory  at  any  stage  initiation. 

Besides  the  initial  values  required  for  the  differential  equations 
and  the  values  for  vehicle  characteristics,  the  following  additional 
data  are  required  input:  (1)  the  stage  designation  parameter. 

(k  1,  2,  3,  or  4),  (2)  the  trajectory  start  time,  t  .  (3)  the  type 
of  flight  segment,  TV  (j  -  1.  2.  . ..,  or  16),  and  (4)  the  mode  segment. 
MV  (j  =  1,  2,  ....  or  10).  There  are  exceptions  to  the  requirement 
of  inputting  the  last  two  items.  These  are  explained  in  Mode  and  Flight 


Control  Sections. 


Stage  Termination 


Each  of  the  four  stages  will  end  when 
\  -  0  (k  -  1,  2,  3,  4) 


with 


\  *  "Sk  - 


where  cr  .  is  the  achieved  value  of  a  quantity 

oK 

designated  by  code  input,  k  _  is  input.  If 

is  designated  as  stage  time,  t  or  time,  t,  then  the 
input  k  is  multiplied  by  the  input  k  , 

ok  tk 


when  =  0,  let  t  =  tgk 

If  ,*t  ^  =  0,  halt  the  run  and  print  the  reason. 

If  pS2  =  0,  only  one  stage  is  desired  and  cutoff  occurs 
when  =  0 

If  (T,.^  =  0,  two-stage  operation  is  desired  and  cutoff  occurs 
when  =  0 

If  =  0,  three-stage  operation  is  desired  and  cutoff  occurs 
when  Aj  =  0 

If  3S1*  <tS2*  °S3’  and  ^  °»  four"staSe  operation  is  desired 
and  cutoff  occurs 


when  A,  =  0 

4 


•136 


Unless  other  logic  applies,  the  run  ends  when  cutoff  occurs. 

When  the  c'  iterion  for  leaving  a  stage  has  been  satisfied,  that  stage 
is  not  re-entered  during  the  trajectory. 


c. 


Staging  Values 


The  values  of  specified  values  at  the  termination  of  the  k-th 

stage  are  aade  available  to  the  hunting  procedure  control  by 

specifying  input  and  0^  (J  -  1,  2,  ...»  5).  The  crBj 

specifies  the  achieves  value  of  the  parameter  designated  by  code 

input  at  the  termination  of  the  input  stage.  Certain  selected 

BJ 

trajectory  parameters,  i.e.,  V.£,  h,  V,  Sf,  1^,  Ljj,  Lg,  Ly, 
i  a^ ,  c[|  1^ j  hp ,  j  j  ^l^f^  VIf  for  stages  I,  2,  3  and 

4,  are  also  available  to  the  hunting  procedure. 


Trajectory  Halts 


Certain  computations  and  parameter  values  result  in  program 
logic  terminating  the  run.  The  error  vhich  causes  the  abort  and 
the  location  of  the  error  are  identified  by  the  printout.  The 
printout  format  is  discussed  in  the  final  section  of  this  volume. 


2.  Commute  Time 

The  following  ate  computed  for  all  modes: 
i !  The  main  and  complementary  thrust-weight  switching  times. 

2.  The  tines  when  the  trajectory  begins  end  ea^h  stage  ends. 

3.  The  times  each  segment  of  flight  in  the  altitude  control 
table  and  mode  region  ends. 

4.  The  time  when  the  special  print  is  satisfied. 

5.  The  times  when  weight  jettison  occur. 

6.  The  times  when  TVC  gains  change. 

7.  The  time  when  the  main  print  occur. 

8.  The  time  when  the  auxiliary  print  occur. 

9.  If  the  wind  table  altitude  multiplier  is  nonzero  at 
the  time  when  the  input  wind  altitude  occurs. 

10.  The  time  each  segment  of  target  dynamical  switch  conditions  occurs. 

11.  Time  of  lift  off. 

12.  The  time  each  segment  of  the  T?*IC  table  ends. 

13.  The  time  each  segment  of  the  roll  control  values  tables  ends. 
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Variable  Compute  Interval  with  Accuracy  Check 


The  numerical  integration  method  utilized  in  the  trajectory 
program  is  a  fifth-order  Runge-Kitta-Merson  with  a  fourth-order/ 
fifth-order  accuracy  check  routine.  Generally  this  routine  functions 
as  follows. 

Let  y  be  the  vector  to  be  integrated  (rr  code  5701  thru  5750) 
and  let  y*  by  the  derivative  vector  (5751  thru  5800).  The  differential 
equation  (o  solve  is 

y'  ^  f  (y.  0 

Following  standard  Ruoge-Kutta  notation,  define 

k,  -=  hf  ry  .  1  1  /* 

1  t-Jn  nJ 

K  "  W  Cyn  +  kr  ln  +  h/^  /3 

k3  =  M  [y„  +  +  ko)/2'  ln  +  h/33  /a 

k  «  hf  Tv  +  3k,  /8  ■»  /  S  t  +  h/2j  /s 

k_  -  hf  [y  +  3k ,/2  -  L«k  /2  +  Gk,.  t  +  h]  /3 

Then  two  independent  estimates  of  y  are  given  by 

v  ,  y  3k./2  -  9k„/2  *■  6  k  ‘  0  (h4) 

*  n  +  1  -  n  +  1  3  4  ' 


'..♦l'*  V4VV/2*°  ^ 

The  second  of  these  is  used  in  thi3  program.  An  estimate 
of  the  error  is  the  difference  between  the  two,  or 
e=ik  -  Sk  /2  +  4k .  -  k  I 


The  error  index  is  calculated  as 


where  the  R^are  error  tolerances,  described  below. 


Code 

Parameter 

R 

Code 

Parameter 

R 

5701 

XDEE 

.01 

5726 

VN 

.001 

5702 

YDEE 

.01 

5727 

VC 

.001 

5703 

ZDEE 

.01 

5728 

GAMT 

.001 

5704 

XEE 

.001 

5729 

ZETAT 

.001 

5705 

YEE 

.001 

5730 

HT 

.001 

5706 

ZEE 

.001 

5731 

ST 

.001 

5707 

QB 

.1 

5732 

STC 

.001 

5708 

RB 

.1 

5733 

DB 

.01 

5709 

PB 

.1 

5734 

PC 

.1 

5710 

THETAB 

.01 

5735 

AT 

.1 

5711 

PSIB 

.01 

5736 

WPR 

.01 

5712 

PHIB 

.01 

5737 

IMP 

.01 

5713 

DELDP 

.01 

5738 

IV 

.001 

5714 

DELDY 

.01 

5739 

IP 

.1 

5715 

DELDR 

.01 

5740 

IY 

.1 

5716 

DELP 

.001 

5741 

IAT 

1.0 

5717 

DELY 

.001 

5742 

Open 

5718 

DELR 

.001 

5743 

LF 

1.0 

5719 

FR 

.01 

5744 

DELTAV 

1.0 

5720 

WR 

.1 

5745 

IR 

1.0 

5721 

FRC 

.1 

5746 

LD 

1.0 

5722 

THETAM 

.01 

5747 

LGG 

.] 

5723 

PSIM 

.01 

5748 

HE 

10.0 

5724 

PHIM 

.01 

5749 

Open 

5725 

VT 

.001 

5750 

Open 
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The  error  tolerances  may  bo  modified  by  inpat.  In  inpat  locations  L280  U.ra  L303, 
ap  to  12  pairs  of  indox/muttlplicr  may  be  entered.  For  any  index  in  the  range  of 
1  thru  30.  the  corresponding  values  of  Hi  arc  multiplied  by  the  input  multiplier  A’r 

The  maximum  Ei  (E.MAX)  is  employed  to  control  Uie  integration  step  size: 

If  EMAX  >  1.0,  halve  the  step  size 
If  EMAX  <  0.031,  triple  the  step  size 


b.  Specified  Maximum  Compute  Interval 


If  the  compute  interval  is  input  in  the  compute  interval 
table,  the  interval  is  limited  as  follows: 


Interval 


Maximum 

Compute  Interval 


t  §  t 


cl 


At 


cl 


Lcl  < 


t 

cz 


At 


cz 


Cc7  <  *  tc8  ^c8 

^cj  an<^  ^"cj  ^  ~  ^ 8)  are  input  and  t  is  the  instantaneous 
time. 


If  c  >  Ccjwhere  th=  subscript  J  refers  to  the  last  input 
point  in  the  compute  interval  table,  the  compute  interval 
is  unlimited. 


| 

I 

I 

i 

y 

| 

J 


I 

I 

1 

s 

j 

I 

I 


I 

I 

I 


i 


Discontinuity  Print 


The  discontinuity  print  will  occur  when  the  input  specifies 
the  first  "L"  number  of  an  input  table  row. 


TABLE 

CODE 

PARAMETER 

Jettison  Weight 

w 

JTj 

(.1  - 

1, 

2, 

*  •  •  > 

8) 

Special  Print 

St 

(j 1 2  3 * 5 6 7 8 9 10 11 12 13 

1, 

2, 

•  •  •  9 

8) 

Attitude  Control 

yj 

(j  “ 

1, 

2, 

*•*> 

16) 

Wind  Profile 

hJ 

(j  » 

1. 

2, 

1 

30) 

Mode  Control 

M  . 
yj 

(j  = 

1, 

2, 

•••> 

10) 

Main  Thrust -Weight 

t; 

(j  = 

2, 

3, 

•  •  •  J 

25) 

J 

Back 

side 

Complementary  Thrust -Weight 

CCi 

(j  * 

2, 

3, 

*  •  V  ) 

25) 

Back 

side 

Gains 

KDPj 

(j  = 

1, 

or 

2) 

Target  dynamical  condition 

tTj  (j 

=  1, 

2, 

•  •  *  9 

10) 

TMC 

Fyj  0 

=  1, 

2, 

•  *  *  * 

7) 

Roll  Control 

KDRj 

(j  = 

1,  or  2) 

Variable  Break-up  Tolerances 

Compute  internal  break  ujs  are  used  to  exactly  compute 
discontinuities  for  the  following  conditions; 


1.  Attitude  Control  Table 

2.  Giins  (TVC)  Table 

3.  Weight  Jettison  Table 

A.  Special  Print  Table 

5.  Wind  Profile  Table 

6.  Mode  Control  Table 

7.  Staging 

8.  Target  Dynamical  Conditions  Table 

9.  Main  Thrust-Weight  Table 

10.  Complementary  Thrust-Weight  Table 

11.  Lift  off 

12.  TMC  Tabic 

13.  Target  Dynamical  Condition  Table 
l  i.  Roll  Control  Tabic 
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A  break-up  will  occur  whenever  either  delta  time  or  delta 

x  becomes  less  than  the  corresponding  tolerance,  DT  .  or  DX  .  , 

min  min 

where  delta  x  is  the  difference  between  a  break-up  variable  and 
its  target  value,  and 

DT  .  =  A.  +  B  TIME 

mm  t  t 

DX  ,  »  A  +  B 

min  x  x 

The  default  values,  which  are  used  unless  over  ridden  by 
positive  input  values  ,  are 

At  *  2.E-4 

Bt  -  l.E-5 

Ax  &  X*E-9 

B  =  l.E-5 
x 

Experience  b-s  shown  these  values  to  be  reasonable  most  of  the 
time.  There  iJ  '  >bably  little  danger  in  using  values  that  are  too 
small;  the  principal  effect  would  be  an  increase  in  running  time 
although  it  is  possible  to  cause  the  integration  routine  to  fail 
(with  appropriate  messages  and  a  dump)  if  the  tolerances  are  too 
tight.  Looser  tolerances  allow  a  more  random  flight,  and  could 
cause  the  hunting  procedures  to  fail. 

Any  given  break-up  point  will  depend  almost  entirely  on  only 
one  of  the  four  break-up  tolerance  parameters.  In  general,  the 
following  rules  apply: 

A.  If  the  break"1;:*  variable  is  changing  slowly  with  time, 

DX  .  uill  control 
mm 


if  ^target  * 

is 

small. 

A 

X 

will 

control 

is 

large , 

B 

V 

will 

control 

target 


2. 


Print 


Trajectory  print  times  are  discussed.  Two  blocks  of  printout 
are  featured,  i.e.,  the  main  and  auxiliary  prints.  The  main  print 
contains  printlines  A  throu0  and  succeeding  printlines  that  are 
given  when  special  criteria  are  met.  The  auxiliary  print  is  given 
in  two  lines  \Aiich  are  labeled  Printline  Z  and  ZZ.  Print  times  of 
the  main  and  auxiliary  prints  are  controlled  by  the  logic  given 
below. 

Main  Print  Interval 

Printout  of  the  main  print  occurs  when  the  following  times 
are  achieved: 


Interval 
t  5  t  , 

pl 


Print  Time 
t  -  n  Atpl 


Si  <  c  S  S2 


C  *  t  ,  +  n  At  . 

pl  p  i 


Si  <  '  s  Sa 


t  =  t  +  n  ^ 

C  P?  n  P8 


where  t^  and  (j  ■=  1,  2,  ...,  8)  are  input. 


If  Atpj  <  0>  every  compute  point  i3  output. 


Special  Print 


The  main  print  is  given  when  the  logic  given  below  is 
satisfied. 


With  (j  3  1,  2,  8)  the  achieved  value  of  a  parameter 

designated  by  code  input  and  the  input  value  of  that  parameter, 

then,  the  main  print  is  printed  when  &_ ,  =  K  . . 

-  J  c  j 


449 


Max  Print 


The  maximum  print  and  hunting  procedure  control  quantities 

are  specified  by  input  T  .  and  o  .  (j  =  1,  2,  . ..,  5).  The 

mj  mj 

I j  I  specifies  the  maximum  or  minimum  achieved  value  of  the 
parameter  designated  by  the  code  input.  Input  T  .  <  0  specifies 
a  minimum  value;  input  *  0  specifies  ignore  the  max  print  logic 
for  the  j-th  input;  input  a  .  >  0  specifies  a  raaximui..  value;  and 

£QJ 

input  <  0  specifies  the  maximum  absolute  value  regardless  of 

the  sign  of  T  .. 

mj 

The  flag  IT  .(directs  the  maximum  control  region.  If  (T  . (  ®  0, 
mj  raj 

the  maximum  print  logic  for  the  er^  parameter  will  be  computed  for 
each  stage  and  the  max  print  will  appear  after  the  termination  of 
that  stage.  If  (T^ |  =  k  (k  -  1,  2,  3,  or  U),  the  max  print  logic 
for  the  a  .  parameter  will  be  computed  for  the  k-th  stage  and  the 
max  print  will  appear  after  the  termination  of  the  k~th  stage  only. 

If  |Twj 1  *  5,  the  max  print  logic  for  the  parameter  will  be 
computed  for  the  entire  flight  duration  and  the  max  print  will  appear 
after  the  termination  of  the  last  stage.  When  more  than  one 
parameter  is  designated,  the  prints  occur  in  the  order  of  the  j-th 
index. 


Auxiliary  Print 


The  auxiliary  print  consists  of  time  Jud  eleven  parameters 
designated  by  the  code  input  cpj  (j  =  1,  2,  ...,  11).  The  print 
will  occur  if  the  input,  op^  is  non-zero  and  when 


Interval 


Print  Time 


t  S  tT 


t  -  n  At, 
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Interval 


Print  Time 


tpl  <  t  S  tp2  t  =  tpl  +  n  Atp2 

tp7  <  t  S  tpg  t  »  tp?  +  n  Atpg 

where  tpj  and  A£pj  (j  «  1,  2 . 8)  are  input. 


L.  HUNTING  PROCEDURE 


Two  methods  of  isolating  variables  and  obtaining  extremals  are 
provided  in  the  program.  The  first  method  incorporates  an  incremental 
hunting  procedure  (PI)  which  isolates  and  maximizes  the  dependent 
variable  by  varying  the  independent  parameter.  The  second  method 
incorporates  a  simultaneous  hunting  procedure  (P2)  which  isolates  and 
obtains  extremals  (maximum  or  minimum  values)  by  varying  up  to 
seven  parameters  simultaneously.  Either  or  both  methods  may  be 
specified.  If  both  methods  are  specified  simultaneously,  procedure  1 
is  used  as  a  subroutine  within  procedure  2.  (Experience  has  demonstrate 
that  some  problems  will  converge  more  rapidly  if  range  is  maximized 
by  PI  while  other  parameters  are  simultaneously  hunted  using  P2. 
Experience  with  the  program  will  expose  other  are  '.s  where  joint 
utilization  of  the  hunting  procedure  is  advantageous.) 

The  hunting  procedures  vary  independent  variables  which  are 
initially  specified  by  input  to  obtain  extremal  and  isolation  solutions 
for  dependent  variables  evaluated  at  cutoff. 

Another  option  delineated  in  this  section  is  one  that  allows 
the  coefficients  utilized  in  the  steering  equations  to  be 
automatically  computed. 

Incremental  Hunting  Procedure  (PI) 

The  hunting  procedure  logic  ana  equations  for  this  option 
apply  if  the  input  PI  is  non-zero. 

The  hunting  procedure  makes  it  possible  tn  obtain  a  trajectory 
in  which  a  specified  quantity  "a"  (the  dependent  variable),  can  be 
found  (isolated)  or  may  be  maximized  with  a  single  controller 
independent  variable.  Thu  value  of  X  (the  independent  variable)  and 
the  resulting  value  of  "a"  (the  dependent  variable)  are  designated 
by  inputing  the  proper  sigma  cede  for  a ^  and  respectively. 
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Isolation  or  maximization  is  an  iterative  process  involving 
trajectory  computations  and  hunting  procedure  logic.  Dependent 
values  for  the  first  trajectory  are  computed  with  the  input  guess  of 
the  independent  variable  X^.  Then  the  value  of  X  is  computed  from 
their  previous  values  and  the  input  increment  AX  until  the  isolation 
or  maximization  region  is  bracketed.  Thereafter,  the  independent 
variables  are  found  by  interpolation  using  quadratic  equations. 

If  AX  is  input  zero,  the  error  message  "DELTA  X  INPUT  ZERO" 
is  output  and  the  run  is  terminated.  If  Aa  is  input  zero,  the  error 
message  "INTERNAL  TOLERANCE  INPUT  ZEH) "  is  output  and  the  run  is 
terminated.  If  the  quadratic  fit  is  singular,  the  error  message 
"SINGULARITY  IN  QUADRIT  FIT"  is  output  and  the  run  is  terminated. 

If  for  the  first  two  iterations,  the  dependent  quantity  does  not 
vary,  the  error  message  "DEPENDENT  PARAMETER  NOT  VARYING"  is  output 
and  the  run  is  terminated. 

Isolation 


The  isolation  procedure  in  this  section  will  apply  if  K  *  0. 

Desired  value  of  the  dependent  variable  is  tiic  input  a^. 

The  achieved  dependent  values  resulting  from  trajectories  computed 
with  the  dependent  values  (j  -  1,  2,  3,  or  4)  are  a^. 

(1)  Isolation  Incrementing  Routine 


The  dependent  variable  a^  is  computed  using  the  input  starting 
value  X^  then  tb**  point  set  (a^,  X^)  is  transfered  to  the  low 
point  set  (a^,  X^).  The  center  point  set  (a,,,  X^)  is  computed 
using  ^  d-  A  X. 

If  the  desired  dependent  parameter  is  not  bracketed  but  progressing 
in  the  correction  direction,  i.e..  <  a2  <  a^  or  ^  a2  af> 

then  X2  *s  determined  by  incrementing,  i.e.,  X^  =  Xj  +  AX  and  the 
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is  evaluated  by  running  a  trajectory.  The  incremental  process  is 
continued  until  the  desired  dependent  parameter  is  bracketed.  Then 
the  three  data  point  sets  are  arranged  such  that  the  dependent 
variables  are  in  descending  order  then  sent  to  the  quadratic 
interpolation  routine  .  If  after  the  incremental  direction  is 

established,  the  trend  of  the  dependent  variable  reverse,  i.  e.  , 
diverges  from  the  desired  value  af,  then  the  error  message 
"IMPOSSIBLE  REGION  EXISTS'1  is  output  and  tl  a  run  terminated. 

If  the  desired  dependent  parameter  is  not  bracketed  but 
progressing  in  the  wrong  direction,  i.e.,  a£  <  a^  <  a^  or 
aj  >  a^  >  a^,  the  second  and  third  data  sets  are  interchanged, 
the  incremental  direction  changed,  i.e.,  AX  *  -  AX,  and  then 
the  incremental  process  as  described  above  is  utilized. 

(2)  Isolation  Linear  Interpolation  Routing 

If  the  desired  dependent  parameter  is  bracketed  then  the 
two  data  sets  are  arranged  in  the  first  and  third  position  such 
that  a^  >  a^,  then  5^  is  determined  by  linear  interpolation  using 
and  then  a ^  is  evaluated  by  running  a  trajectory. 

If  the  predicted  dependent  value  is  within  the  bracketed 
zone,  then  the  three  data  points  sets  are  such  that  the  dependent 
variable  are  descending  order  and  then  sent  to  the  quadratic 
interpolation  routine.  If  not,  the  one  point  of  the  original 
point  set  and  the  newly  predicted  point  which  span  the  desire**  dependent 
variable  are  singled  out  and  the  process  is  repeated. 

(3)  Isolation  Quadratic  Interpolation  Routine 

When  the  dependent  variable  span  the  desired  value,  and  are 
arranged  in  descending  order,  i.e.,  >  a^  >  a^  and  a^  <  a^  < 

then  the  predicted  independent  variable  X^  is  determined  by 
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quadratic  interpolation  using  a^  and  the  predicted  dependent  variable 
a^  is  evaluated  by  running  a  trajectory. 

If  the  predicted  dependent  variable  a^  is  within  the  bracketed 
zone,  then  the  bracket  point  sets  and  predicted  point  set  are 
arranged  such  that  the  dependent  variables  are  descending  order, 
i„e.,  a^  >  a0  >  a^,  and  then  transfer  back  to  the  quadratic 
interpolation  routine  . 

If  the  predicted  dependent  variable  a^  is  outside  the  bracketed 
zone,  then  the  predicted  point  set  and  the  one  point  set  of  the  two 
bracketed  point  set  which  span  the  desired  dependent  variable  are 
singled  out  and  transfer  back  to  the  linear  interpolate  routine. 


(4)  Isolation  Convergence  Criteria 

If  at  any  place  in  the  logic  the  value  of  the  dependent 
variable  out  of  the  trajectory  routine  is  within  the  input  A 

a 

distance  of  the  desired  value  a^,  then  the  hunting  procedure  1 
isolation  has  converged. 


b.  Maximization-Minimization 


The  maximization  procedure  in  this  section  will  applv  if 

K  +  0. 

a 


The  achieved  dependent  values  resulting  from  trajectories 
comouted  with  the  dependent  values,  5L  9  j  =  1,  2,  3,  or  *'♦)  are 
a^.  If  the  input  flag  PI  is  greater  than  zero,  the  function 
corresponding  to  a  is  to  be  maximized.  If  the  input  flag  FI  is 

3 


than  zero,  the  function  corresj  /tv-ling  to  a  i 

3 


s  to  be  minimized. 


•ess 


(1;  Ma-nrai' ation-Minimization  Incrementing  Routine 


The  dependent  vat' 5 able  g\  is  computed  usin".  the  inpul  starting 
value  55  ,  then  this  point  sec  (a  ,  55  )  is  transferred  to  the  low 

1  x  1 
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point  set  (a„,  X^).  The  center  point  set  (a2 ,  is  computed 
using  ^2  “  ^3  +  where  AX  is  the  input  increment. 


If  the  dependent  variables  are  increasing  for  maximization  or 
decreasing  for  minimization,  i.e.,  a2  >  a^  and  pi  >  0  or  a2  <  0, 
is  determined  by  incrementing,  i.e.,  X^  *  X2  +  AX,  and  a^  is 
evaluated  by  running  a  trajectory.  This  incremental  process  is 
continued  in  a  hill  climber  fashion  until  the  peak  has  been  crossed; 
that  is,  the  dependent  variable  has  become  less  .han  for 
maximization  or  greater  than  for  minimization,  the  previous 
value,  i.e.,  a^^  <  a2  and  PI  >  0  or  a^  >  a2  and  PI  <  0. 


These  three  point  sets  which  form  a  peak  or  a  valley  are 
then  s*nt  to  the  quadratic  routine.  If  the  dependent  parameter 
is  progressing  in  the  wrong  direction;  that  is,  decreasing  for 
maximization  or  increasing  for  minization,  i.e.,  a2  <  and 
Pi  >  0  or  a2  >  a^  and  PI  <  0,  the  second  and  third  data  sets  arc 
interchanged,  the  incremental  direction  changed,  i.e.,  AX  =  -AX, 
and  then  the  incremental  process  as  described  above  utilized. 


Maximization-Minimization  Quadratic  Routine  anu  Convergence  Criteria 


When  the  dependent  variables  describe  a  pear,  for  maximizatiai 
or  a  valley  for  minimization,  i.e.,  <  a2  and  a^  a,  and  PI  >  0 


or  a^  >  a2  and  a^  >  a2  and  PI  <  0,  then  Lhe  predicted  independent 


variable  X^  is  determined  at  the  inflection  poi  it  by  a  ^u-dratic 


equation,  the  corresponding  curve  fit  dependent  variable  set  to  a^, 
and  the  oredicted  dependent  variable  a^  evaluated  by  running  a 
trajectory.  If  the  predicted  dependent  value  is  within  the  input 
convergence  tolerance,  distance  of  the  curve  fit  dependent 


variable  a^,  then  the  uu  ting  procedure  i  maximization-minimization 


has  converged. 


If  the  predicted  dependent  variable  is  progressing  towards 
the  optimum  value;  that  is,  the  predicted  dependent  variable  is 
greater  than  for  maximization  or  less  than  for  minimization,  .  .e., 
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a/t  >  a2  and  PI  >  0  or  a^  <  a2  and  PI  <  0,  then  the  points  sets  *** 
arranged  such  that  the  predicted  point  set  (a^,  X^)  are  in  the 
center  data  set  (a2,  and  the  two  independent  variables;  X, 
closest  to  but  one  greater  than  and  one  less  than  the  predicted 
independent  variable  X  are  transfer  to  the  high  (a^,  X^)  and 
low  (a^,  Xj)  point  sets  where  high  and  low  correspond  to  the  value 
of  the  independent  variable  X.  These  three  point  sets  which  fora 
a  peak  or  valley  are  then  sent  to  the  quadratic  routine. 

If  the  predicted  variable  a^  is  not  progressing  towards  the 
local  optimum;  that  is,  the  predicted  dependent  variable  is 
less  than  for  maximization  or  greater  than  for  minimization,  the 
center  set  dependent  variable,  a2»  i.e.,  ^  and  PI  >  0  or 

>  a2  and  PI  >  0,  then  another  pc.,..t  set  in  which  the  dependent 
variable  is  half  way  between  the  two  independent  variable^  not 
spanning  the  predicted  independent  variable  X  .  is  calculated  by 
running  another  trajectory.  Three  point  sets  of  the  five  inclusive 
of  the  center  point  set,  (a^,  X^),  in  which  the  dependent  variables 
form  a  peak  for  maximization  or  a  valley  for  minimization  with  the 
independent  values  in  numerical  order  are  selected  and  then  arranged 
such  that  the  independent  variable,  X,  are  xn  ut»ce..uing  order. 

These  three  data  sets  are  then  sent  back  to  the  quabrutic  routine. 

2.  Simultaneous  Hunting  Procedure  (P2) 

The  hunting  procedure  logic  and  equations  for  this  option 
apply  if  the  input  P2  is  non-zero. 

The  logic  for  this  section  is  contained  in  the  OPTMZ  subroutine 
writeup*,  **which  describes  in  detail  a  generalized  hunting  procedure. 
This  hunting  procedure  usrs  one  of  three  empirical  models  whose 
coefficients  are  estimated  by  least  square  fit 


*Bri-nhali ,R.  K.,  ''Design  Optimization  Using  Model  Estimation 
Programing",  Thiokol  Qiemical  Corporation  No.  1166-13i63  dated  23  January  1937 

**0ls  n,  R.  A,,  'Determining  Extremals  and/or  Constraints  Using  the  Method  of 
La}  rangers  Multipliers',  Thiokol  Chemical  Corporation  Subroutine  9117  dated 
A  n  ivenber  1965. 


The  input  code  word  P?  determines  which  node!  will  be*  ,^ed. 


+1  Linear  Model 


Isolation  Only 


+2  Complete  Quadratic--Maximization 
-2  Complete  Quadt  -  \.c — Minimization 


+3  Incomplete  Qu?- 


-Maximization 


|^-3  Incomplete  Quadratic— Minimisation 

These  three  models  will  now  be  discussed  to  facilitate  trajectory 
program  input. 

a)  Linear  Model 

The  logic  in  this  section  applies  if  P2  equals  to  one.  The 

linear  model  is  only  used  to  isolate  input  dependent  parameters. 

The  linear  empirical  model  consists  of  a  system  of  polynomial 

equations  equating  the  independent  variables  x*,  y*,  ...»  x  to 

n 

each  of  the  dependent  variables  y*,  y*,  ...,  y  . 


yi  =  a*c  f  +  ai7x,.  +  ai3x3  + 
>’*  "  a20  +  321*1  +  aa*x,  +  a*3x3  + 
y3  =  a30  +  a31xi  +  a3*x*  *  a33x3  + 


+  am^ 

+  ajnXn 

+  a3n!<r, 


"n  =  ano  +  %X*X  +  W*  +  Wa  +  •••  +  annxr. 
wh  ~e  n  may  vary  freer,  one  to  seven. 

The  generalized  hunting  procedure  logic  systematically  varies 
tne  values  of  the  independent  variables  (x's)  fran  which  the 
trajectory  program  evaluates  the  cor'esponding  dependent  variables 
(y's).  The  resulting  dependent  and  independent  variables  are 
submitted  to  a  multip  regression  scheme  to  determine  tho  „v-ef  f  ieients 
(a’s)  of  the  above  equation  by  at  least  square  technique. 


The  desired  value  of  the  dependent  variables  (y^'s)  specified 
by  input  are  equated  to  their  polynomial  equations  and  this  system 
of  linear  equations  is  solved  for  the  independent  variables 
(x’s).  These  predicted  independent  variables  (x's)  are  input  in 
the  trajectory  program  to  evaluate  the  dependent  variables  (y's). 
Because  the  polynomial  equations  do  not  exactly  match  the  true 
functions,  the  model  determined  dependent  variables  (y's)  will 
yield  some  error;  this  resulting  error  between  the  predicted  and 
the  achieved  is  further  reduced  to  an  acceptable  increment 
specified  by  input  by  an  incremented  process  involving  the 
differential  of  the  model  system  of  equations. 

The  required  input  for  this  option  is  o  ,  o  ,  a  to 

xx  xj  xn 

identify  each  independent  variable;  x^,  x^ . xin  to  specify 

the  initial  value  for  each  of  the  corresponding  independent 

variables  (x's);  Ax.^,  *•*»  Ax^n  to  esta^^s^  t*ie  model 

array  size  and  also  to  establish  the  largest  allowable  change 

in  the  independent  variables  (y's)  during  an  iteration;  q^, 

c  ,  cryn  to  identify  the  dependent  variable  being  isolated; 

yux,  yu#,  ....  yUn  to  specify  the  desired  value  of  the  dependent 

variables;  €  e  to  stipulate  a  tolerance  of 

ci  cs  cn 

convergence  upon  the  dependent  variables  (y's);  x^, 

v.  to  esta.^ish  a  lower  restraint  limit  on  the  independent 
un 

variables  (x's);  and  Xy^,  .<ya»  Xyn  to  establish  an  upper 

restraint  limit  on  the  independent  variables  (x’s). 

An  example  of  utilizing  the  linear  model  isolation  ’  lmultaneous 
hunting  procedure  is  as  follows: 

Problem  —  100  nm  circular  orbital  injection 

Model  P2  »  1 
Independent  variables 

X1  ~  Q*  (Pitch  rate  at  kickover) 
x*  *  Q4  (Terminal  pitch  rale) 

X3  *  WpL  (Payload  weight) 


4.V.J 


Set 


C  .  * 
XI 

320 

Xix“ 

10 

*il- 

1 

*Ll" 

-15 

*01 

a  _  * 

X* 

333 

Xi*S 

-0.05 

Axu- 

0.01 

3 

-0.15 

Xu* 

<J  _  » 
X3 

20 

x.  = 
13 

40,000 

Ax.  - 

i.3 

5,000 

XL3” 

20,000 

*U3 

Dependent  variables 

yi  =  Vj  (circular  orbital  injection  inertial  velocity) 

y*  =  (circular  orbital  injection  inertial  flight  path  angle) 

y*3  =  h  (circular  orbital  altitude) 


V  “ 

5029 

yUl  = 

25,570  €cx= 

5 

ax*  * 

5255 

yU*  = 

0  S  “ 

c* 

0.01 

ay3  “ 

5501 

yU3  = 

607,610  €c3  * 

100 

The  generalized  hunting  routine  uses  the  technique  of 
Lagrange  to  maximize  or  minimize  the  function  f  subject  to  the 
constraint  functions  gj.,  g2,  g^.  Thus 

i=m 

G  =  t(xi>  x*,  ...»  xn)  +  [g^  (xx>  Xj,  ....  xn)  -  L^j 

i=l 


where  L^  is  the  value  of  the  constraint,  V  is  the  Lagrangian 
multiplier  and  G  is  the  Lagrangian  function.  The  Lagrangian 
function  G  is  differentiated  with  respect  to  each  x  and  each  X, 
then  the  partial  derivatives  of  G  are  each  equated  to  zero,  and 
the  system  of  n  +  in  equations  are  solved  for  the  n  +  in  unknowns; 
thus  yielding  the  required  values  of  xj,»  x*,  ..., 
maximizes  or  minimizes  the  Lagrangian  function  G. 


x  which 
n 


4  GO 


-5 

0.05 

60,000 


I 


The  generalized  hunting  routine  is  designed  so  that  only 
maximums ,  as  specified  by  P2  =  +2 ,  or  minimums,  as  specified  by 
P2  =  -2,  will  be  obtained.  There  is  ro  guarantee  that  the 
solution  obtained  will  not  be  a  local  maxima  or  minima.  Saddle 
point  solutions  will  not  be  obtained. 

The  functions  f  and  g  are  represented  by  a  quadratic  response 
surface  of  the  form: 

function  f 


Complete  Quadratic  Response  Surface 


The  logic  in  this  section  applies  if  P2  equals  positive  or 
negative  two.  The  complete  quadratic  response  surface  model  is 
used  (1)  to  maximize  or  minimize  a  function  subject  to  constraint 
or  (2)  to  isolate  a  particular  solution  from  a  family  of  maximized 
or  minimized  functions  subject  to  constraints. 


If  the  input  fQ  equals  zero,  the  generalized  hunting  procedure 

will  maximize  or  minimize  the  primary  dependent  variables  called 

z  where  z  =  f(<i,  x*,  ....  x  ),  subject  to  constraints  in  m* 

A 

secondary  dependent  variables  called  yj_,  y*,  ...,  y^  where  y^  = 

(xi,  x*,  ...»  *n)«  The  number  of  constraint  functions  may  vary 
from  zero  to  n  where  n  is  the  number  of  independent  variables 
(x's)  and  n  cannot  exceed  seven. 


If  the  input  fy  equals  non-zero,  the  generalized  hunting 
procedure  will  isolate  a  particular  solution  from  a  family  of 
maximized  o*.  minimized  functions  subject  to  constraints.  This 
family  relates  the  independent  variable  x*  as  function  of  the 
maximized  or  minimized  dependent  vari.ab.w  z  with  respect  to  the 
independent  variables  x*,  X3,  ...,  x^  subject  to  constraints 

in  m  dependent  variables  vj:,  yj . y^  and  m  cannot  exceed 

n-l.  Isolation  invoWes  selecting  the  independent  variables  x^ 
vhicn  yields  the  maximizec  or  minimized  dependent  variable  z 
specified  by  the  input  value  f  . 


The  required  input  for  this  solution  is  o^,  identify 

the  dependent  variable  for  which  the  extremal  solution  is 

desired;  0 ^n>  to  identify  the  independent  variables; 

x.  ,  x.  .  ...,  x.  ,  to  specify  the  initial  values  of  the 

independent  variables;  Ax^,  Ax^,  ...»  to  specify  the  model 

array  size  and  to  specify  the  maximum  change  of  an  independent 

variable  during  a  given  iteration;  a  O  ,  ...»  0  ,  to  identify 

y  ^  y®  y®* 

the  dependent  variables  being  constrained;  y  ,  y^,  ....  y^, 
to  establish  the  lower  constraint  boundary;  yy  ,  yy^,  y^, 

to  establish  the  upper  constraint  boundary;  €  ,  €  , 


to  establish  tolerances  or  the  constraint  solution;  x,  ,  x 

LI  L* 

....  xLn,  to  establish  a  lower  restraining  limit  on  the  independent 
variables;  and  x^^,  Xy#,  Xyn>  to  establish  an  upper 

restraining  limit  on  the  independent  variable. 

An  example  of  utilizing  the  complete  quadratic  response 
surface  model  to  maximize  a  function  subject  to  constraints  is 
as  follows: 


Problem  —  maximize  range  with  fixed  payload  subject  to 

the  constraint  that  the  maximum  dynamic  pressure 
be  less  than  1000  psf 

Model  P2  =  +2 

Dependent  Variables 

xx  «  Q*  (Pitch  rate  at  kickover) 
x*  *  Q4  (Terminal  pitch  rate) 

Set 


°xl 

-  319 

*.1  *  -12  '“il  ■  2  *U  “ 

-20 

*01  = 

°x* 

=  331 

Xi,  '  -1  2Xi.  ■  °'1  *1.,  ’ 

-10 

11 

Independent  variables 
*  Sf  (range) 


“  qmax  (maximum  dynamic  pressure) 


Set 


a  »  5013 


'Ll 


Ul 


1000 


cz  “  0,5 


0  =  271 

yi 


€cl=  1 


a  ,  -  5037 
ml 


m 
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Incomplete  Quadratic  Resporse  Surface 


This  model  is  used  if  P2  =  +3  to  specify  maximization,  or 
P2  =  -3  to  specify  a  minimi zat ion. 

This  model  is  used  in  identically  the  same  manner  as  the 

complete  quadratic  response  surface  discussed  in  Section  L.  2.  b.  The 

relative  merits  between  the  two  models  are  discussed  in  section 

L.2.c.  The  model  used  to  estimate  the  dependent  variables  z  and 

y.  is  of  the  form: 

1 1 

function  f 

2  2 

z  =  aoo  +  a10xx  +  ajoxi  +  aso*«  +  a40x*  +  ...  +  a^^j  + 

.  2 

a(*n)oXn 


function  g 


v  -  a_ .  +  a  .  x  +  a  . : 

•  i  Ol  ll  i  *1 


+  a„.x 
3i  t 


+  a .  .x 

2 


+  a.  ,  + 

(rn-x)i  n 


3(*n) 


where  i  11  1,  2,  m*. 

The  required  input  is  the  same  as  that  described  in  Section  L52.b. 

An  example  of  utilizing  the  incomplete  quadratic  response 
surface  model  to  isolate  a  particular  solution  from  a  f nrci iy  of 
maximized  functions  subject  to  constrai  is  as  follows: 

Problem  —  determine  the  payload  coosistant  with  a  maximum 
range  trajectory  for  a  range  of  5500  nm  subject 
to  the  constraint  that  the  maximum  dynamic  pressure 
be  less  thin  1000  psf. 


•In! 


Model 


P2  =  +3 


Independent  variables 

xj,  *  WpL  (payload  weight) 

*2  =  Q2  (pitch  rata  at  kickover) 
xs  *  Q*  (terminal  pitch  rate) 

Set 


axi  “ 

20 

x..  -  10,000 
H 

Ax.  «  1,000 
il 

*Ll=° 

XUl“ 

20,000 

aX*“ 

320 

xi#  =  -8 

Ax.  =  1 

1* 

x.  -  -12 
1.2 

^2“ 

0x3° 

333 

13  *  -°*5 

Ax.  a  0.05 

13 

x,  _  a  -5 

*U3  * 

1 

Dependent  variables 


ss  =  (range) 

yi  *  qmax  (maximum  dynamic  pressure) 


Set 


a  -  5024  y  -  0  yn->  =  1000  =  0.5 


c  -  261 

yi 


O  .  -5070  T  =  5 
ml  m 


Uz 


fD  =  5.r  00 


£d2  1 


Generalized  Hunt  Characteristics 

The  data  described  in  this  section  is  applicable  to  chat 
described  for  each  model. 

In  the  extremal  problem  the  variance  of  the  model  is  evaluated 
at  the  apparent  solution  point.  If  the  input  parameter  is 


4  tjr» 


nonzero  and  if  the  probably  is  greater  than  0.05  that  the  model 
error  is  greater  chan  the  entire  maximization  (or  minimization) 
will  be  repeated. 


The  independent  variables  may  be  transformed  to  aid  the 
convergence  of  the  model.  A  transform  code  input  is  available 

for  each  independent  variable  and  is  input  TT2 . T^. 

A  constant  of  transformation  a^,  a^,  ...,  a^  is  input  for 
each  transformation.  The  available  transformations  are: 


tt  =  1 

Tx  *  2 
Tt=2 
Tt=  4 


n  *  ^  ^ 

T}  =  |x|aT  (x ) /  |x  | 
r,  =  In  aTx 
-  ^/x 
q  *  eaTx 


where  q  is  the  transformed  independent  variable. 

The  relative  merits  of  using  the  complete  quadratic  response 
surface  as  opposed  to  the  incomplete  quadratic  response  surface 
is  in  running  time.  If  is  non-zero  and  if  it  is  the  same  value 
for  either  method,  the  same  answer  should  be  eventually  obtained.' 
Advantage  to  using  the  incomplete  cuadi-atic  response  surface 
model  will  probably  not  materialize  until  n  =  6  or  7.  As  a  guide 
to  choice  and  an  aid  to  estimation  of  running  time,  the  following 
table  describes  the  number  of  trajectories  necessary  to  estimate 
the  coefficients  required  to  make  the  first  optimal  prediction. 


n 

Complete 

Quadratic 

Incomplete 

Quadratic 

Trajectories 

Simulated 

Coefficients 

Estimated 

Trajectories 

Simulated 

Coefficients 
E-  t  imated 

l 

3 

3 

5 

3 

2 

6 

6 

9 

5 

3 

15 

10 

13 

7 

4 

25 

15 

17 

9 

5 

27 

21 

21 

11 

6 

28 

1 5 

13 

7 

79 

)b 

.9 

15 

The  complete  quadratic  response  surface  model  will  always 
make  better  predictions  for  any  given  iteration;  therefore,  the 
incomplete  quadratic  response  surface  model  should  require  more 
iterations.  Experience  will  dictate  the  most  efficient  method 
for  solving  the  hunting  procedure  problem. 

The  maximum  number  of  hunt  predictions  beyond  tl«e  initial 
array  must  be  specified  in  n^.  If  n^  Is  input,  a  negative 
number,  the  hunt  will  restart  after  n^-th  iterations. 


Special  Routines 


Acquisition  of  Coefficients  for  Steering  Equations 

The  coefficients  for  the  pitch  steering  equations  are  obtained 
by  a  least  square  curve  fit  of  flight  path  parameters.  This 
option  automates  the  acquisition  of  these  coefficients.  The 
portion  of  the  trajectory  to  be  fit  will  be  specified  by  sigjns 
codes  contained  in  the  switching  table. 


i  5  a  ...  is  zero,  this  option  is  by  passed  for  the  k-th 

glK 

stage.  If  o  >  0,.the  data  locations  containing  the  suranation 

glk 

matrix  and  the  observation  counter  n  will  be  initially  set  to 

8 

zero  at  the  beginning  of  each  stage.  Over  the  portion  of  the 
trajectory  which  is  to  be  fit,  a  summation  of  data  wi’l  be  generated 
in  the  following  fotm  for  each  integration  step.  Data  will  be 
processed  over  the  open  interval  r-°  ag2k  *  8g2k* 


n  =11.0 
£ 


u.  =  Z 
1  £g 


U0  —  A 

2  gg 

-  £ 

-  A 

3  gg 

u.  =  X3 

4  gg 

uc  =  9  (radians) 
j  m 


Then  the  summation  matrix  appears  as  follows: 


*5 

*4 

*5 

I(u,)2 

*lu2 

ai"j 

*lu4 

BUjU 

*2*1 

E  (u2)2 

^2U4 

Zu0u 

Eu3u2 

E(u3)2 

Zu3u/.- 

Su^u 

^4U2 

“Vb 

£(u4)2 

-v,u 

3.  Special  Routines 

a.  Acquisition  of  Coefficients  for  Steering  Equations 

The  coefficients  for  the  pitch  steering  equations  are  obtained 
by  a  least  scuare  curve  fit  of  flight  path  parameters.  This 
option  automates  the  acquisition  of  these  coefficients.  The 
portion  of  the  trajectory  to  be  fit  will  be  specified  by  sigma 
codes  contained  in  the  switching  table. 


J 


If  is  zero,  this  option  ic  oy  passed  for  the  k-th 

stage.  If  >  0, .the  data  locations  containing  the  sunmation 

matrix  and  the  observation  counter  n  will  be  initially  set  to 

8 

zero  at  the  beginning  of  each  stage.  Over  the  portion  of  the 
trajectory  which  is  to  be  fit,  a  summation  of  data  will  be  generated 
in  the  following  form  for  each  integration  step.  Data  will  be 
processed  over  the  open  interval  S  or  ^  to  *  Kg2k* 


S 


£1.0 


let 


u.  *  i.  „ 

1  gg 

U2  *  *gg 

u3  -  X* 

3  gg 

u,  *  X3 

4  gg 

uc  *  9  (radians) 
3  ts 


Then  the  summation  matrix  appears  as  follcvs: 


*1  0 

*2 

*5 

)2 

*1*2 

*1*3 

*i “4 

*l*i 

*2ttl 

E  («2)2 

*2*3 

*2** 

a2u5 

*3U1 

aijU2 

E<03)2 

*3* A 

*3*5 

*Vl 

*t,*2 

Ut,*3 

E(“4)2 

S>*4“5 

U 
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At  the  end  of  staging,  after  the  printing  of  "TERMINATION 
OF  STAGE  K"  before  the  printing  of  the  note  "MAXIMUM  VALUES" 
che  data  generated  should  be  processed. 


m 

§f 


1 


If  >  0  and  <  5,  a  note  should  be  printed  as 
follows,  "STEERING  COEFFICIENTS  NOT  CALCULATED."  The  trajectory 
should  continue  as  though  this  option  were  not  called  for. 


If  or  ..  is  non-zero  and  n  3>  5,  then  data  has  been  generated 
and  should  be  processed  as  follows : 


The  summation  of  the  product  terns, 
corrected  for  the  mean  by  multiplying  by 
and  subtracting  n^.  The  corrected  terms 


Bu.u.,  is  scaled  oy  and 
21 

ng,  dividing  by 

will  then  be  of  the  form 


n 


The  corrected  matrix  then  is  the  following  4X5  matrix: 
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where  the  first  four  columns  are  the  matrix  U.  and  the  last 

J 

column  is  the  vector  U2. 
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Then  the  coefficient  vector  U  is  determined  by 

■  g 

(Ug)  -  (U2) 

with  the  constant  term  defined  as 


V " (1  -  v  -  v  -  ug3  -  V  «V/ng 


Hie  steering  coefficients  for  the  k-th  stage  will  then  be  as 
follows: 


*0k  *  v 


V  ■  v 


bik  -  v 


b2k-”s3  <r“3>/<S‘3> 


b3k  *  V 


The  steering  equation  coefficients  are  saved  to  be  available 
on  the  next  run. 


Shaper  Subroutine 
Introduction 

This  routine  utilizes  a  generalized  attitude  control  table 
and  sets  up  the  hunting  procedure  to  (1)  maximize  range  for  a 
given  payload f  (2)  maximize  payload  to  a  given  range  or  (3> 
isolate  the  payload  weight  for  a  given  circular  orbit.  The 
generalized  attitude  control  table  specifies  the  following  flight 
path. 

1.  The  vehicle  will  fly  vertically  off  the  pad  until  a  velocity 
of  170.0  feet  per  second  has  been  obtained  before  initiating 
pitchover.  This  ascent  will  Assure  that  the  vehicle  has 
cleared  the  ground  handling  equipment  and  launching  facilities. 

2.  The  vehicle  will  pitch  down  at  a  rate  consistent  with  available 
TVC  angle  and  reasonable  stress  levels  in  the  interstage. 

This  rate  is  established  empirically  as  a  function  of  the 
vehicle  liftoff  weight.  The  pitchover  is  terminated  when  a 
specific  pitch  attitude,  0^,  has  been  obtained. 

3.  The  vehicle  is  maintained  «c  this  specific  attitude  until 

the  velocity  vector  angle  coincides  with  the  vehicle  centerline, 
i.e.,  at  zero  degrees  angle  of  attack. 


4.  The  final  and  major  portion  of  flight  is  programmed  as  a 
gravity  turn  path  such  that  the  vehicle  is  thrusting  along 
the  velocity  vector,  i.e.,  at  zero  degrees  angle  of  attack. 
This  flight  profile  will  be  utilised  for  both  the  ballistic 
range  trajectory  and  the  orbital  trajectory. 

The  prime  inputs  to  the  routine  are  the  input  control  flag 
which  specifies  the  mission,  the  input  target  range  or  orbital 
attitude,  the  stage  rocket  motor  ballistic  characteristics,  as 
specified  by  the  thrust-weight  input  and  the  input  trajectory 


initial  conditions  such  as  the  launch  azimuth,  initial  altitude, 
velocity,  etc.  Inherent  in  the  hunting  procedure  are  a  starting 
point  and  a  maximum  walking  distance.  The  hunting  procedure  in  I 

the  trajectory  program  requires  that  the  initial  and  incremental 
values  of  the  independent  parameters  be  specified.  These  initial 
values  c£  thv  independent  variables  are  determined  as  continuous 
functions  of  the  vehicle  ideal  velocity,  stage  bum  times,  and 
initial  conditions. 


This  program  will  simplify  the  input  to  the  trajectory  program 
when  doing  performance  trajectory  work. 


(2)  Shaper  Equations  and  Logic 
Input  Control  Flags 

0  ignore  rout ine 

1  maximize  range 

2  maximize  payload  to  a  given  range 

3  determine  payload  to  a  circular  orbit 

S  ,  *  target  range  or  orbital  altitude  (nmi) 

Si* 

Terminal  Stage  Number 

*  largest  stage  number  containing  a  non-zero  input,  og 
Calculate  impulses  and  thrust  multipliers 

KKi’  KFC’  KtM’  KtC*  IW  ^WC’  1vM’  lvC’  and  XvT 
The  input  main  w.-ight  flow  integral:. 
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The  expended  main  propellant  veight : 


Stage  effective  specific  impulse 


Carryover  weight: 


OV 


If  k  -  1  or  KQ(k  _  1)  -  “  °-° 


WB(k-l)  *  ^(k-l)  U  K0(k-1>  *  °*° 


WCO(k-l)  “  ^CKk-l)  ”  ^Cf  (k-1)  lf  KNO(k-l)  *  °*° 

*nd  K0(k-1)  *  °*° 


xJ 


Stage  Weight: 


Stage  Weight  Ratio: 


WB-^0  +  WC0  +  Wi 


OV 


«  -  VWBi 


Stage  duration: 


CB  “  tB(JM) 

Earth  rotation  factor: 
w/w  *  cos  p  sin 

la  X 

Propulsion  system  liftoff  weight 

^MOQ)  +  WC0(j) 

Maximum  Range: 


W. 


W  + 
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j-k+1 
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Ideal  Velocity  Equation: 
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170.0  If  VeQ  i  160 
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(3)  Maximun  Payload  Co  a  Given  Range 


If  Keh  •  2,  apply  the  following  logic  and  equations; 
Eotiaated  required  Ideal  Velocity  for  Range  t  8000  Nautical  Mile 
V  -  -  .0041972 


-  1.46207 

vo 

(ft/sec) 

-  25,15275 

tBl 

(sec) 
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fcBl2 

+  10.9855 
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For  Range  >  8000  Nautical  Miles* 


V  *  2 9000 


Payload  Iteration  Procedure 
Ideal  Velocity  Equation 
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speff 


W  ^  +  W 
PL  PLOj. 


W  ^  +  W  -  aw 
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where  £  is  the  iteration  counter 


Initial  guess  for  V. 


PL 


For  l  »  1 


WPL  "  WPLOk_v  /30,° 


*k 


For  £  -  2 


W  ^"2  •  1.01  w 

PL  i,UA  "PL 


For  l  23 


h'W-w*-1 

PL  ?L 


(AV  -  AV^W^  -  Wpf^) 
(AV**2  -  AV*'1) 


If  Vjff  <  0,  then  sec  Wp£  -  Y.£’1/2.0 


*  / 

AV  -  AV 

If  — -  <  0.00004,  terminate  iteration 


If  £  m  100,  terminate  run  and  print 


"PAYLOAD  WEIGHT  ITERATION  DID  NOT  CONVERGE" 


At  the  termination  of  the  payload  weight  iteration, 
e 

s&tz  W  m  W 
sec  wpL 

Vehicle  Liftoff  Weight 

WT  *  WPL  +  2j  ^*)k  +  WCCk 


Velocity  at  Pitch  Over 


1 170.0 


V  +  10.0 
eo 


If  V  <  160.0 

Otherwise 
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(4)  Pitch  Over  Pitch  Rate 


%2  -  -  (2,186.428  +  (W^  [-218.16888  +  6.4511537  /n  <WT>  jJ/W^73  I 

Pitch  Over  Angle 
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Lll  90.0  Initial  flight  path  angle  (deg) 

L28  90.0  Initial  command  pitch  attitude  (deg) 


b  e 

CM 

"O  'O 


£ 

/N 

£ 

^■s 

/■N 

£ 

60 

/N 

60 

Is 

60 

•M 

JO 

•*4 

O 

(V 

01 

H  H 

•o 

f*4 

•o 

•o 

*o 

•o 

*« 

V/  V  V 


-a 

<S 

ft)  -rl 

»-4  P 
XI  « 
«  > 


>» 

10 

c 

c 

<3 

J 

> 

0) 

> 

0> 

P 

IP 

•o 

*o 

r-i 

p 

ts 

41 

c 

u 

c 

h 

« 

1 _ 1 

c 

o 

c 

o 

CO 

o 

CL 

0 1 

CL 

*— * 

u 

ft) 

ft) 

•o 

ci 

T> 

O 

ft) 

0) 

•o 

c 

*o 

e 

•o 

o 

*J 

r-» 

a 

o 

01 

c 

0) 

c 

•8 

ft) 

<P  JO 

o 

Oft 

*M 

CL 

•H 

i 

to 

0) 

0) 

u 

a 

V— . 

•o 

ft) 

•o 

c 

*o 

u 

p 

a 

w 

c 

c 

CO 

os 

a 

h 

o 

ja 

-H 

*»4 

f4 

p 

H 

«) 

>% 

43 

■V) 

f4 

J3 

V) 

a 

c 

eft 

u 

44 

« 

c 

ft) 

J3 

p 

o 

*1 

CO 

•r* 

5 

E 

a 

•M 

o 

14 

p 

vl 

ft 

p 

> 

u 

(0 

41 

3 

Vi 

P 

si 

(9 

■rl 

44 

c 

> 

3 

ft) 

ja 

V) 

ft— « 

<S 

M 

Or 

e 

C 

o 

4J 

u 

-rl 

3 

4) 

CO 

o 

60 

2 

C 

£ 

ts 

C 

ts 

•H 

<0 

c 

V 

vl 

ft) 

C 

ft) 

?-* 

o 

•o 

>! 

N 

VJ 

ft) 

44 

3 

44 

o 

O.  O  »-l 
V  «S 


H 

•o 

C-i 

•3 

3 

E 

£ 

£ 

Cl 

04 

ft) 

IP 

3 

o. 

u 

•H 

**4 

O 

o 

U 

3 

< 

X 

H 

e 

3 

0) 

o 

ft) 

o 

•o 

o 

p 

C0 

*t4 

T— ^ 

w 

p 

P 

p. 

3 

£ 

X 

CJ 

3 

a. 

3 

ft. 

•o 

3 

3 

i 

14 

c 

> 

•u 

•o 

3 

O 

3 

3 

13 

O 

o 

01 

SP 

3 

to 

K 

a 

« 

E 

a 

44 

•»4 

fft 

o 

U 

c 

•rl 

3 

*f4 

4J 

o 

4J 

<z 

o 

•4 

O 

•H 

E 

p 

r-l 

H 

< 

01 

* 

T« 

V* 

u 

P 

V) 

*n 

3 

3 

H 

*4 

41 

C 

IP 

a 

X 

r-l 

*a 

C 

O 

o 

•i-4 

3 

3 

a 

O 

o 

3 

«c 

14 

9) 

c 

60 

wft 

to 

5S 

£ 

H 

S 

Oft 

5-4 

H 

t-4 

M 

c 

c 

•M 

-rl 

u 

*i 

C 

a 

3 

3 

X 

s 

Ci  ft) 
<U  »--l 

tft  .o 


ft)  >4 
•O  «3 

8  > 

u 

ft)  c 

r-l  ft) 
J3  *0 

«  C 

a 

Vi  O. 

e  e> 
>  *o 
c 

AJ  -rl 

c 

3  «vi 
•O  O 

c 

8.  8 

ft)  —i 

*0  3 

C  > 


m  iai 

»  w 

c  c 

<8  as 

w  P 

H  H 


O  C 
•4  OS 
Vi  *0 
eft  C 
>  0) 
Pi 

A>  ft) 

c  *o 
ft)  C 
T3  —I 

c 

ft)  *o 
a.  c 
ft)  o 


o  to 
et 

ft)  r-l 
3  In 


(3  <8 

C  U 

ft)  o 

E  <V4 

ft)  U) 

V.  C 

o  a 

a  vt 

H  H 


c 

ft) 

•v) 

c 

ft)  ft) 
O.  r-l 
ft)  X 

•o  « 
e 

-r-l  Vl 

3 

•o  > 

6  « 

o  c 

ft)  4) 
in  "3 

£  & 
C  «) 

«  *o 
vl  C 
tn  *rl 


O  O  ©  JC  O  O 

-  *  •  *»  ■  - 


o 

°  ftM  o 

o 

o 

(A 

• 

o 

•  g  • 

O'  <n>  c  i 

•-4 

d 

o 

o 

St 

m 

>o 

r*» 

CO 

C\ 

o 

r-l 

C4 

«n 

oO 

Ov 

o 

o 

f-4 

o 

o 

o 

CO 

o 

tn 

CO 

CO 

00 

00 

00 

CO 

cn 

O' 

Ov 

O' 

O' 

<Tv 

H 

fH 

^4 

r«* 

f*4 

•-4 

rJ 

i-3 

r4 

rJ 

>4 

►3 

►j 

•4 

fH 

»a 

R- 


¥ 


£ 


481 


60  60 
«  *>  « 
•O  ft  x> 


V  4) 

#-<  4>  -t 

JO  X3 

5  *2  * 

M  ■H  h 

«  u  m 

>  5  > 
U  U 

cue 

4>  C  V 

*o  u  •o 
e  *o  c 
«  c  <u 
fa  v  a, 
j>  a.  m 

•O  v  >g 
C  *o  c 
C 

**  -o 

5  £  6 

u  u  u 

V  « 

«  <U  M 


SEE 

«M  «*»  •»< 


K  M  U 

U  41  U 

6  £  £ 

s  J  »J 


« 

S  u 

«  T* 

u  g 
C  *H 


BEE 

t"<  T*  1-4 
•0*0-0 


c 

41  U 

.2  3 

•*4  U 

fc  W 

ri  >  u 

<6  0—1 
W  > 

•*  X  « 

u  o  t-> 

&  "  » 

41  — - 

>  fa 

44  (W  ° 

0  0  4-1 

u 

•0*0  0 

ecu 
4)  v  m 

u  jj  *j 

•)  «  « 

U  4J  U 

c  c  c 

—i  —4  — I 
K  K  tt 

a  c,  pu 


U  V) 

fa  e. 


c  « 

s  y: 


u  o  o 

«  «  * 

•H  *rj  — | 

•o  *o  *o 

1}  14  U 

O  O  o 


©  o  o 
•  <  ♦ 
O  O  o 

O'  C4 


©  © 
*  * 

©  © 
rl  © 
© 
N 


©  ©  © 

•  •  • 

Of""? 
Z*  CM 

w  n  n 


Jj'TrSP6  s  60608 

4  «  U  4)  — i  — I  41  JJ-S 
*0*044-0*0'0*0'0’0 
VVv/s»V4'^V/\^v> 


C  -t 
O 

*»4  f, 

4J  O 

9  r4 

C  CO 

vi  <y 


44  60 

o  o 

14 

c 

C  Cl 
-*  4J 

U  « 

®  c 

£  44 


4J 

H 

c 

E 

O 

w 

o 

»4 

c 

N 

C 

0 

y 

C 

« 

44 

CM 

c 

mtt 

o 

44 

44 

o 

o 

4-» 

o 

3 

*+4 

53 

M 

•f4 

o 

*4 

C 

CO 

34 

c 

60 

60 

4 

44 

60 

*®4 

4? 

o 

•u 

0) 

a> 

o 

44 

c 

8 

U 

u 

44 

O 

e 

a; 

14 

U 

14 

44 

44 

4) 

•o 

D 

U 

U 

w 

*a 

o 

_** 

•o 

44 

o 

to 

o 

•M 

60 

o 

«H 

4o 

•h 

y 

o 

-*4 

O 

4) 

*o 

P-* 

«4 

4) 

44 

O 

o 

44 

14 

44 

44 

u 

0 

44 

w 

O 

44 

4 

4> 

c 

44 

o 

o 

44 

>» 

*4 

« 

14 

44 

O 

Cf 

44 

o 

•y 

c 

W 

0) 

o 

u 

O 

I 

U 

o 

x= 

U 

a 

e 

0 

rC 

y 

•O 

o 

•u 

3 

cu 

V* 

u 

©. 

U 

44 

O 

CJ 

£ 

a 

Pi 

y 

> 

•r4 

fa 

H 

0 

<s 

•M 

P4 

©  °  O  O  ©  ©  ?4  I 

*  *  Ck  »  •  ♦  c  fu 

^  °  ^ 
o  r-. 

<Xi  x’s 


in 

*-4 

fM 

m 

vO 

NO 

«-4 

1^4 

f-4 

*4 

^3 

m 

CM 

n 

00 

m 

in 

m 

CM 

CM 

C4 

vJ 

?4 

►4 

CM 

<n 

*0 

CO 

C\ 

CM 

>■< 

*-4 

f-4 

r* 

CM 

n 

m3 

cn 

*4 

n 

m3 

t3 

«o 

<n 

«-3 

_ 

482 


(.5)  Payload  to  Circular  Orbit 


If  Kgti  *  3,  appl  y  the  ic'  towing 

•oqic  and  equaticr 

s ; 

Estimated  required  Ideal  Velocity 

AV  -  24753.331  +  16.17 

hc0 

(nmi) 

-  8.8850495 

fcBl 

(sec) 

+  .38179208 

t  2 

B1 

+  9.4 

fcB2 

(sec) 

-  .52 

fcB3 

(eec) 

-  856.07602 

v2 

(dim) 

+  9742.4243 

*3 

(dim) 

-  1585.8688 

u/w 

(dim) 

-  .046233604 

h0 

(ft) 

-  2.6770574 

V0 

Cft/sec) 

+  .0020621782 

V  2 

vo 

Payload  Iteration  Procedure 

Ideal  Velocity  Equation 

t  .  r*  wp£  +  w 

PLOk 

k-k.  V _  +  W_.  _ 

-  £». 

K  rL 

FL°k 

k 

Initial  guess  for  Wp^ 


For  /  *  1 


W, 


£•  1 
FL 


^h,730*0 


For  £  *  2 


W  ■  1  01  w  ^ 


For  i  «  3 


1 


«^*3  «  y 

PL  PL 


<AV 


AV  4)(Wp*  * 


(AV**2  -  a/'1) 


£ 

If  W„  <  0,  then  set 
PL 


w  / 

PL 


V! 


/-I 

PL 


/  2.0 


Ay  o  Ay 

If  . ■  -  -  -  <  0.00004,  terminate  iteration 

AV 

If  i  »  100,  terminate  run  and  print 


"PAYLOAD  WEIGHT  ITERATION  DID  NOT  CONVERGE" 


At  the  termination  of  the  payload  weight  iteration, 


set  WpL  - 


Vehicle  Liftoff  Weight 


£ 

WT-*PL+  l  WM0k  +  Wi 


COk 


Velocity  at  Pitch  Over 


PO 


170.0 

V  +  10.0 
eo 


Circular  Orbital  Altitude 


If  V  «  160.0 
eo 

Otherwise 


hC0  ’  Sah  *  6076*10333 


Inertial  Circular  Orbital  Velocity 


V 

YIC0 


®ere 


<*Vn  +  O 


h 


where 


the  gravitational  constant  is: 
32.14625 

VC0  * 

K 

and  earth  radius  is: 

("20,926,400.0 


U  g;  -  0 


Otherwise 


If  r’  «  0 
e 


Otherwise 


Pitch  Over  Pitch  Rate 


^a2  “  (2,186.423  +  In  (WT)  f-218. 16888  +  6.4511537  £r.  (WT)])/WT1/3 

Pitch  Over  Angle 


dm2  for  Vo  *  160  feet  Per  second: 


1  +  .1013901 

hco 

(nmi) 

-  .000083344619 

h  2 

Co 

+  .7863 

tBl 

(sec) 

+  .0752 

CB2 

(sec) 

-  .0032 

fcB3 

(sec) 

+  19.666608 

v2 

(dim) 

+  92,727271 

*3 

(dim) 

-  .33013554 

w/w 

(dim) 

-  .00020876696 

h0 

(nt) 

-  .011349661 

vo 

(ft/sec) 

+  33.876497 

(deg/sec) 
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(6)  initial  flight  path  angle  to  terminate  next  to  last  stage 


7 .  -  -A. 3479152 

'lg 


+ 

.0014201471 

hco 

+ 

.000014699632 

hco2 

- 

.010439863 

Si 

+ 

.00024116553 

t  2 

Si 

.0047000003 

CB2 

+ 

.075800000 

S3 

- 

3.1327416 

v2 

+  20.151515 

S 

- 

.84360441 

- 

.000020950557 

ho 

- 

.00128745 

vo 

+ 

.0000013688082 

V 

■  §  « 

- 
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(nmi ) 
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(sec) 
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(dim) 

(dim) 

(dim) 
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(7)  Shaper  Subroutine  Nom«.,.clcture 


Symbol 

Definition 

Unit  8 

GH 

Gravitational  Constant  (32,14625) 

ft/sec**2 

HGO 

Circular  opbital  altitude 

run 

HO 

Initial  altitude 

ft 

ISPC 

Comp  specific  impulse  used  to  find  vehicle  weight  flow 

sec 

ISPFFF 

Stage  effective  specific  impu?.se 

sec 

ISIM 

Main  specific  impulse  used  to  fine  vehicle  weight  flo* 

sec 

IVC 

Integral  of  the  complementary  vacuum  thrust  table 

lb-sec 

IVM 

Integral  of  the  main  vacuum  thzust  table 

lb-sec 

IVT 

Integral  of  the  main  and  complementary  vacuum  thrust 
table 

lb-sec 

JC 

Number  of  data  in  complementary  thrust-weight  table 

— 

JM 

Number  of  data  in  main  thrust -weight  table 

KEC 

Multiplier  of  the  complementary  stage  vacuum  thrust 

•»«* 

KEM 

Multiplier  of  the  main  stage  vacuum,  thrust 

-- 

KK 

Stage  number 

— 

KNOS 

Complementary  thrust-weight  table  wt  carry-over  flag 

vat 

KOK 

Main  thrust-weight  cable  weight  carry-over  flag 

• 

KSH 

Control  Flag  indicating  type  of  flight 

— 

KTC 

Time  multiplier  for  the  complementary  thrust  table 

-- 

KIM 

Time  multiplier  for  the  mait»,  thrust  table 

— 

KWC 

Input  complementary  weight  flow  multiplier 

KHM 

Input  main  weight  flow  multiplier 

•  • 

NK 

Largest  stage  number  containing  a  non-scro  input  sigma 

-- 

QMP 

Pitch  over  pitch  rate 

deg.' sec 

S/robol  Definition  Unit \ 

RE  Radius  of  the  earth  (20,92^,400)  ft 

SSH  Target  range  or  orbital  altitude  run 

TR  Stage  duration  sec 

TRJM  Stage  time  of  last  main  thrust -weight  point  sec 

TCJ  Complementary  thrust-weight  switching  times  sec 

T!iJ  Main  thrust-weight  switching  times  sec 

TICJ  Complementary  thrust -weight  switching  times  (stage  start)  sec 

TIMJ  Main  thrust-weight  sw5  :ching  time  from  stage  initiation  sec 

VEO  Missile  velocity  at  trajectory  start  time  ft/sec 

VICO  Inertial  circular  orbital  velocity  ft/sec 

VO  Initial  velocity  of  vehicle  ft/see 

VPO  Velocity  at  pitchover  ft/sec 

WB  Stage  we  .ght  lb 

WBK  Totnl  missile  weight  at  the  termination  of  Kth  stage  lb 

WCQ  Initial  complementary  weight  lb 

WCOK  Initial  complementary  weight  for  the  Kth  stage  lb 

W DOT  CJ  Complementary  wd.  ght  flow  at  T'CJ:  J  *  1,  25  per 

stage  lb/sec 

WDOT  MJ  Main  weight  flow  at  T'MJ,  J  «  1,  ...,  25  per  stage  lb/sec 

WMO  Initial  main  Weight  lb 

WOT  Carry-over  weight  lb 

WPL  Weight  of  payload  lb 

WPLOK  Propulsion  system  liftoff  weight  of  Kth  stage  lb 

WT  Vehicle  liftoff  weight  lb 

GAMA  IG  Inertial  flight  path  angle  to  termination  next  to  last  stage  deg 

DELTA  V  Total  ideal  velocity  of  missile  ft 'sec 

DELTA  WMI  Integral  of  the  main  weight  jb 


Symbol 
DELTA  W 
DELTA  WCF 
DELTA  WCFK 
DELTA  WCI 
DELTA  WCIK 
DELTA  WK 
DELTA  WMF 
THETA  M2 

THETA  HATH 2 
NU  2 
NU  3 

CMEG/GMEG 


Definition  Unit  g 

Total  expended  weight  lb 

Expended  complementary  propellant  weight  lb 

Expended  complementary  propellant  weight  of  Kth  stage  lb 

Complementary  weight  flow  integral  lb 

Complementary  weight  flow  integral  of  the  Kth  stage  lb 

Total  expended  weight  of  Kth  stage  lb 

Expended  main  propellant  vei^it  lb 

Pitch  over  angle  between  launch  horieondit  and  command 
control  line  deg 

Initial  value  of  theta  r'2  deg 


Eatio  of  stage  two  weight  tc  stage  one  weight,  initially 
Satio  of  stage  3  weight  to  etage  one  weight,  initially 
Earth  rotation  factor 
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V..  INPUT 


Load  sheets  are  provided  to  facilitate  data  input  and  are  shown  at 
the  end  of  this  section.  Utilization  of  the  load  sheets  are 
explained  below. 

1.  GENERAL  INPUT 

It  is  possible  to  submit  any  load  sheet  as  the  first  or  last 
page  of  the  basic  deck  or  run.  Any  load  sheet  not  required  may 
be  deleted  from  the  basic  deck  or  run.  Columns  one  through 
seventy-two  are  available  for  program  input.  Because  of  program 
logic  regarding  the  basic  deck  system,  a  minus  zero  is  never 
input . 


Unless  a  quantity  is  input  in  the  basic  deck  or  run,  that 
quantity  will  be  zero  unless  special  program  logic  apply. 

The  decimal  point  will  be  input  with  the  number  in  the  load 
sheet.  If  the  decimal  point  is  not  specified  for  an  input 
quantity,  the  decimal  will  be  assumed  after  the  last  input 
integer  of  that  quantity. 

If  the  value  of  the  desired  input  is  too  large  or  too  small  to 
satisfactorily  indicate  it  in  the  spaces  provided,  write  the 
number,  the  letter  "Em  and  the  power  of  ten  the  number  is  to 
multiplied  by.  If  no  decimal  is  specified  for  the  number,  the 
decimal  is  assumed  after  the  last  integer  before  the  "E”. 

The  first  entrv  for  all  tables  must  appear  at  the  top  of  the 
table.  The  independent  variables  specified  in  the  load  sheets 
taunt  be  filled  out  monotonically ,  but  the  last  value  may  be 
input  before  the  table  ends. 

Load  sheet  pages  11  and  beyond  can  be  used  for  first,  second, 
third,  or  fourth  stage.  The  desired  stage  is  designated  by 
inserting  the  stage  number  in  the  box  following  the  ‘'L”. 

Inputs  in  '.0,  LI,  and  1.2  are  the  identification  basic  deck, 
reference  run,  and  run.  The  basic  deck  arri  the  run  number 
must  be  nonzero  ir  order  for  the  trajectory  to  run.  These 
identification  numbers  are  printed  at  the  top  o:  each  page  of 


output 


2.  INPUT  L-NUMBEK  LIST 


L-number 

Symbol 

Definition 

Units 

LOOOO 

BD 

Input  basic  deck  number 

dim 

L0001 

RR 

Input  reference  run  number 

dim 

L0002 

RUN 

Input  run  number 

L0003 

K 

Input  stage  start  control  function.  If  1, 

2,  3,  or  4,  the  run  starts  at  the  initiation 
of  the  first,  second,  third,  or  fourth  stage, 
respectively  if  input  zero  set  is  equal  to  l 

aim 

L0004 

t 

o 

Input  trajectory  start  time 

sec 

L0005 

H. 

Input  start  time  with  the  initial  stage 

sec 

L0006 

Tyk 

Input  initial  or  restart  type  of  flight 
control  flag 

dim 

L0007 

M' 

y 

Input  initial  or  restart  type  of  mode 
control  flag 

dim 

L0008 

s 

y 

Input  initial  or  restart  special  print  flag 

dim 

L0C09 

n 

y 

Input  initial  or  restart  discontinuity  print 
flag 

dim 

L0010 

Veo 

Input  missile  velocity  at  the  trajectory  start 
time 

ft/sec 

L0011 

rio 

Input  flight  path  angle  at  the  trajectory 
start  time,  -180°  5  180° 

deg 

L0012 

h 

o 

Input  missile  altitude  at  the  trajectory 
start  time 

ft 

L0013 

S 

o 

Input  missile  ground  range  at  the  trajectory 
start  time 

ft 

L0014 

f . 

1 

Input  flight  plane  azimuth  angle.  Angle 
measured  nortii  to  the  flight  plane,  -180° § 
t  5  180° 

ft 

L00I5 

e. 

Input  inertial  elevation  axis  Euler  angle 
relating  Chi  i  and  systems 

deg 

L0016 

Input  inertial  meridional  axis  Euler  angle 
relating  the  i  and  eQ  systems 

deg 

LOOio 


deg 


Definition 


Units 


L-nuraber  Symbol 


L0017 


L0018 

10019 

hL 

L0020 

*PL 

L0021 

h£ 

LC022 

L0023 

J 

L0024 

8e 

L0025 

s’ 

L0026 

r* 

e 

L0Q27 

w 

L0028 

<U 

1,0029 

mo 

L0030 

^mo 

tC031 

ho 

L0032 

ho 

L0033 

D 

‘bo 

L0034 

0, 

bo 

L0C35 

«. 

bo 

Innut  launch  latitude,  -90°  S  p  s  90“ 

Input  launcher  longitude 
Input  launcher  altitude 
Input  payload  weight 

Input  altitude  above  which  ambient  pressure 
and  aerodynamic  forces  are  zero  and  speed 
of  sound  is  1,000  ft/sec.  If  input  zero  is 
set  to  300,000  ft 


Input  gravitational  value  which  accounts  dim 

for  the  earth's  oblateness 

/  2 

Input  mass  conversion  gravity.  If  input  ft/sec 

zero,  set  equal  to  32.174 

2 

Input  gravitational  acceleration  at  the  ft/sec 

surface  of  the  reference  body.  If  input 
zero,  set  equal  to  32.14625 

Input  geometric  radius  of  the  earth.  If  ft 

input  zero,  set  equal  to  20,926,400 

Input  magnitude  of  the  earth's  angular  rad/sec 

velocity.  If  input  greater  than  0.5, 
set  equal  to  7.29211  E-5 

Inpit  initial  command  pitch  attitude  deg 

Input  initial  commanded  yaw  attitude  deg 

Input  initial  commanded  roll  attitude  deg 

Input  initial  vehicle  pitch  rate  deg/sec 

Input  initial  vehicle  yaw  rate  deg/sec 

Input  initial  vehicle  roll  rate  deg/sec 

Input  pitch  orientation  angle  at  the  deg 

trajectory  start  time,  -180°  <  9^  £  180° 

Input  yaw  orienta  tion  angle  at  the  trajectory  deg 
start  time  -180°  <  \q  <  180° 


•197 


L -number 

Sv  'bol 

Definitions 

Units 

L0036 

Input  roll  orientation  angle  at  the 
trajectory  start  time  -180°<  <f>bQ  §  180° 

deg 

■J 

L0037 

Kcl,2 

Input  lover  and  upper  limits,  respectively,  for 
computation  of  orbital  elements  and  impact 
determination  computations 

dbi 

L0039 

hf 

Input  altitude  at  th?  cernvjiation  of  the 
glide  phase 

ft 

L0040 

K7 

Input  glide  phase  termination  control  function. 
A  value  of  plus  one  will  specify  impact  after 
apogee,  while  a  minus  one  will  specify  impact 
before  apogee 

dim 

L0041 

a 

c 

Input  code  which  designates  the  quantity  that 
deteunines  the  flight  region  when  the  orbital 
elements  and  impact  determination  are  desired 

dim 

L0042 

h 

e 

Input  altitude  of  atmospheric  entry 

ft 

L0043 

Sco 

Input  initial  earth  surface  cross-range 
at  trajectory  start  time 

n.m. 

L0044 

y20 

Input  azimuthal  flight  path  angle  at 
trajectory  start  time 

deg 

L0045 

- 

Open 

o 

L0046 

v- 

g 

Input  generalized  coordinate  orientation  angle. 
Second  rotation  angle  (about  the  res  ulcing  Z 

axis  after  rotating  through  8  ,  S'  ,  and  cp 

S  g  g 

deg 

L0047 

9 

g 

Input  generalized  coordinate  orientation  for 

velocity  steering.  First  rotation  angle 

(about  the  Y  -axis)  of  the  set  9  ,  $  ,  and  <j>  . 

e  -  g  g  g 

deg 

L0048 

*g 

Input  generalized  coordinate  orientation  angle. 
Final  rotation  angle  (about  the  X  axis)  of 

the  set  9  ,  v  >  and  <y  .  ® 

g  g  g 

deg 

L0049, 

52,  etc. 

WJTj 

Input  weight  to  be  jettisoned  when  n  parameter 
had  value  J 

lb 

L0050, 

53,  etc. 

Input  code  which  designates  the  quantity  that 
determines  when  the  W  _  weight  is  to  be 
jettisoned  where  j  -1,  2,  or  8 

dim 

L0051, 

54,  etc. 

Kdj 

Input  value  of  that  parameter  at  which  the 
weight  WT_,  is  to  be  jettisoned  where  j  = 

1,2,  .. . ,  or  8 

dbi 

L0073 

P1 

Input  flag  so  specify  hunt  procedure  (PI) 

dim 

L0074 

KS 

Input  stage  print  control  function.  A  nen- 
zuro  value  is  required  to  print  the  trajectory 

dim 

at 

the  termination  of  each  stage  during  the  hunting 
procedure  198 


L-number  Svpbol 


lief  inition 


Units 


L0075 


ntl 


L0076  K 

a 


L0077  ox 


Input  trajectory  number  limit.  No  more  than  dim 

n  trajectories  will  be  computed  during  the 
hunting  procedure  (PI)  by  varying  X 

Input  isolation-maximization  control  function.  dim 
If  zero,  isolation  is  specified  and  if  nonzero, 
maximization  uf  the  dependent  variables  will 
oacur  used  in  hunting  procedure  (PI) 

Input  code  which  designates  the  independent  dim 

variable  in  the  hunting  procedure  (PI) 


:■%- 

$ 

yi 

1 


L0078  o 

a 

LOOSO  X. 

i 

L0081  A  X 
L0082  af 

L0083  Aa 

L0084  P2 


L0085  o 

z 


L0086  €„ 

z 

L0087  c 

m 


j sg*. 


Input  code  which  designates  the  dependent  dim 

variable  in  the  hunting  procedure  (PI) 

Input  value  of  the  first  guess  cf  X  used  in  dbi 

hunting  procedure 

Input  increments  that  X  is  incremented  during  dbi 
the  hunting  procedure  (?1) 

Input  value  of  the  dependent  variable  to  be  dbi 

isolated  by  the  hunting  procedure  (PI) 

Input  hunting  procedure  (PI)  values  that  "a"  dbi 

should  be  computed  within  the  isolation 
or  maximization  routine 


Input  flag  to  specify  hunt  procedure  (P2).  dim 

If  P^  =  0,  by-pass  hunt  procedure  2; 

P2  =1,  use  a  linear  response;  i  ?2 I  =  2,  use 
a  quadratic  response  surface  where  i-2  maximizes 
and  -2  minimizes;  =  3,  use  an  incomplete 

quadratic  response  surface  where  +3  maximizes 
and  -3  minimizes 


Input  code.  The  o?  identifies  the  dependent 
variable  being  maximized  or  minimized.  Used 
in  hunt  procedure  (F2).  If 


of 


‘y  "9) 


X. 

m 


0  <0,  the  values 

£ 


Input  value  specifying  the  tolerance  of  the 
predicted  maximization  parameter  (z).  Used 
in  the  hunt  procedure  (P2) 


dim 


dbi 


Input  flag  to  specify  ^odel  error  used  in  hunt  dim 
procedure  (P2).  If  <  0,  the  model  will  be 
iterated  until  an  extremal  soluation  has  a 
95  percent  probable  model  error.  If  *  0, 
the  extremal  solution  is  obtained  without  regard 
to  probable  model  error 


.-A 


1 


a 

m 
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i-qumber  Symbol 


Definition 


Uni  t  s 


L008S 


L0089 


L0090  n. 


L0091 ,  0 

100,  etc. 


L0092,  x.  . 
101,  etc.  XJ 


L0093,  Ax 
102,  etc. 


L0094, 
103,  etc. 


L0095,  y.. 

104,  etc. 


L0096  y 
105,  etc. 


L0097,  e 
106,  etc. 


L0098  X 
107,  etc.  J 

3.0099  a-,. 

103,  etc,  3 


Input  ani  flag  specifying  maximization  and 
isolation  of  the  same  parameter  used  in  hunt 
procedure  (P2).  If  is  nonzero,  the 
function  f  is  maximized  relative  to  the 
independent  variables  x,,  x^,  ...»  xr  and  is 
isolated  to  a  value  f^  5y  varying  x^ 

Input  specified  maximum  number  of  hunt 
predictions  (P2)  beyond  the  initial  array. 

If  nfc2  is  input  a  negative  number,  the 
hunt  will  restart  after  |nt2  5  iterations 

Input  code  which  designates  the  independent 
variables  used  in  hunting  procedure  (P2) 
where  j  =  1 ,  2 ,  . . . ,  7 

Input  initial  array  reference  independent 
variable  designated  by  code  i-.iput  that  is  used 
in  hunting  procedure  (P2) 

Input  increment  of  x^ .  used  in  incrementing 
during  hunting  procedure  (P2),  j  =  1,  2, 

•  * . ,  7 

Input  code  which  designates  the  dependent 
variables  used  in  hunting  procedure  (P2) 
where  j  »  1,  2,  ...»  7 

Input  desired  dependent  variable  or  lower 
constraint  boundary  of  the  dependent  variable 
designated  by  code  input  that  is  used  in 
hunting  procedure (P2)  where  j  -  l,  2,  ...,  7 

Input  upper  constraint  boundary  of  the 
dependent  variable  designated  by  code  input 
that  is  used  in  huntit  g  procedure  (P2) 
where  j  -  1,  2,  ...»  7 

Input  tolerance  or.  the  j-lh  condition  of 
constraint  used  in  hunt  procedure  (P2) 
where  j  -  1,  2,...,  7 

Input  transformation  flag  used  in  hunting 
procedure  (P2)  j  =  1,  2,  ...,  7 

Input  transformation  constant  used  in  the 
simultaneous  hunting  procedure  (P2) 
j  “  1,  2,  ...,  7 


-- 

m 

; 

1 

'3 

~81 

i 

if 

L-ntmbcr  Symbol 
L0154-16Q 

L0161-167  xL. 


L0168,  170,  Ac  . 

c*i 

etc.  J 


L0169,  t 

*  e 


Definition 


Units 


171,  etc. 


L0184,  At  . 
186,  etc.  PJ 


L0185,  t  . 

187,  etc.  PJ 

L0200-205  PL-DA 

GB,K,KB, 

N,0 

10206-208 


L0209-219  cpj 


L0220,  Atp, 

222,  etc. 

L0221,  tp. 

223,  etc.  J 

L0236,  0 

238,  etca  J 


L0237,  K 
239,  etc.  J 


L0252-259  oDj 


L0260,  T 
262,  etc. 


Input  upper  limit  that  an  independent  variable  dbi 
may  assume  a  value  used  in  hunt  procedure  (P2) 
where  j  -  1,  2,  c..,  7 

Input  lower  limit  that  an  independent  variable  dbi 
may  assume  a  value  in  hunt  procedure  (P2) 
where  j  -  1,  2,  ...,  7 

Input  computing  interval  during  t  .  *J  t  5  t  .  sec 
where  j  -  1,  2,  ...,  8  CJ"1  CJ 

Input  limit  of  the  computing  interval  At  sec 

where  j  •  1,  2,  8 

Input  main  printing  interval  during  sec 

Input  limit  of  the  main  Printline  print  sec 

interval  where  j  **  1,  2,  ...»  8 

Input  flag  where  nonzero  values  are  dim 

required  if  printlines  DA,  GB,  R,  KB,  N, 

0  ate  desired 


Input  code  designates  the  quantity  to  be 
printed  in  Printline  2  where  j  -1,2, 

• « . ,  8 

Input  auxiliary  Printline  irt  erval  during 

CP(j-l)  <  £  5  tP.j  wberc  j“X>  2’  ****  8 

Input  limit  of  the  auxiliary  Printline  print 
interval  where- j  -  l,  2,  ...,  II 

Input  code  which  designates  the.  quantity  that 
determines  when  to  print  a  special  time 
where  j  =  1 ,  ' ,  ...»  8 

Input  value  when  a  trajectory  printout  is 
desired  where  j  =  1,  2,  ...,  8 

Input  code  which  designates  the  quantity 
that  determines  when  to  print  a  discontinuity 
where  j  -  1 ,  2 ,  . . . ,  8 

Input  max  print  legion  flag 
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L -number  Symbol 


Definition 


il 


L0261, 

263,  etc. 

°raj 

Input  code  which  designates  the  quantity  whose 
maximum  value  is  to  be  printed  following  each 
stage  time  where  j  =  1,  2,  ...»  5 

dbi  w 

L0270, 

272,  etc. 

TBj 

Input  staging  values  flag,  j  =  1,  2,  ...,  5 

dim 

L0271, 

273,  etc. 

Input  code  which  designates  the  quantities 
whose  values  at  staging  are  to  be  available 
to  the  hunting  procedure,  j  =  1,  2,  ...,  5 

dim 

L0280, 

282,  etc. 

°Aj 

Input  code  which  designates  the  integration 
tolerance  parameters  where  j  =  1,  2.  ...,  or  7 

dbi 

L0281, 

283,  etc. 

Ari 

Input  and  utilized  relative  integration 
tolerance,  j  »  1,  2,  ...»  7 

dbi 

10304-305 

Open 

L0306 

At 

Input  absolute  allowable  break-up  tolerance  of 
time 

dim 

L0307 

Bt 

Input  relative  allowable  break-up  tolerance  of 
time 

dim 

LQ308 

A* 

X 

_ Input  absolute  allowable  break-up  tolerance 
'  of  target  value 

sec  % 

L0309 

3' 

X 

Input  relative  allowable  break-up  tolerance  of 
target  value 

dim 

L0310 

317,  etc. 

Tyj 

Input  and  output  type  of  flight  control  flag 
where  j  -  1,  2,  ....  or  16 

dim 

10311, 

318,  etc. 

°fj 

Input  code  which  designates  the  quantity  that 
determines  when  the  j-th  type  of  flight  ends 
where  j  =  1,  2,  ...,  16 

dim 

10312, 

319 ,  etc. 

Kfj 

Input  limit  of  the  j-th  type  of  flight  where 
j  =  1,  2,  ...,  or  16 

dbi 

10313, 

320,  etc. 

Input  vehicle  pitch  turning  rate.  Positive  if 
the  vehicle  is  intended  to  pitch  up  (Ty**l) 

deg/sec 

a  . 

c  ■ 

Input  commanded  angle  of  attack  used  in  the 
constant  angle  of  attack  and  angle  of  side 
slip  (Ty=2) 

deg 

h  * 

Cj 

Input  commanded  altitude  used  in  the  constant 

ft 

Input  commanded  altitude  used  in  the  constant 
altitude  type  of  flight  (Tv=S) 


. . mm . in1* . . . . . . . a . . . . . . . 


L-number  Symbol 


L0314,  R  . 
321,  ecc.  m:i 


L0315,  PM. 
322,  etc. 


Definition 

Input  command  load  factor  for  constant  load 
factor  type  of  flight  where  j  «  1,  2, 
or  13  (Ty^S) 

Input  guidance  associated  first  order  intercept 
guidance  controller  time  constant  used  in  type 
10  flight  where  j  *  1,  2,  or  13 

Input  navigation  constant  used  in  the  Homing 
Guidance  (Ty=ll) 

Input  vehicle  yaw  turning  rate  positive  if  the 
vehicle  is  intended  to  turn  right  (Ty*l) 

Input  commanded  angle  of  side  slip  used  in  the 
constnant  angle  of  attack  and  angle  of  side 
slip  (Ty=2) 

Input  attitude  control  frequency  used  in 
constant  attitude  type  of  flight  where  j  =»  1, 

2,  ....  16  (Ty=8) 

Input  command  loud  factor  crosswise  to  the 
velocity  vector  used  for  constant  load 
factor  type  of  flight  where  j  *  1,  2,  ...» 

(Ty=9) 

Input  pitch  and  yaw  flare-in  factor  used  in 
the  Intercept  Guidance  (Ty»10) 

Input  pitch  and  yaw  flare-in  factor  used  in 
the  Homing  Guidance  (Ty=ll) 

Input  vehicle  roll  turning  rate  positive  if 
the  vehicle  is  intended  to  roll  clockwise 
looking  at  if  from  the  aft  end  (Ty=l) 

Input  command  roll  attitude  used  in  the 
constant  angle  of  attack  and  angle  of  side 
slip  type  of  flight  (Ty=7) 

Input  constant  attitude  (Ty=8)  attitude  control 
damping  ratio  where  j  -  l,  2,  or  16 

Input  command  roll  attitude  used  in  the  ccnstant 
load  factor  type  of  flight  where  j  *  1,  2, 
or  13  (Ty=9) 

Input  limit  of  angle  of  attack  during  the 
j-th  tjpe  of  flight 


Units 


deg /sec 


rad /sec 


deg/sec 


503 


Definition 


Units 


L-number 

L0316, 
323,  etc. 

L0401-406 

L0407 

L0408 

L0409 

L0410, 

413,  etc. 

L0411, 

414,  etc. 

L0412, 

415,  etc. 

L0500-597 

L0598 

L0599 

L0600, 

603,  etc. 

L0601, 

604,  etc. 

L0602, 

605,  etc 

L0630 

1.0631 


Symbol 


“h 

K 

v 


V  , 


sh 


^Tto 


Input  fiare-in  time  constant  for  constant 
load  factor  type  of  flight  (Ty*9) 

Open 


g's 


Input  wind  altitude  multiplier  and  flag.  dbi 

If  zero,  no  wind  effects  are  considered 


Input  wind  speed  multiplier 


dbi 


Input  wind  azimuth  multiplier 


dim 


Input  wind  velocity  altitude  associated  with  dbi 

and  where  j  =  1,  2,  ...,  30  dbi 

Input  (with  altitude  h)  wind  speeds  where  ft/sec 

j  =  1,  2,  ...,  30 


Ir.put  instantaneous  (with  altitude  h  )  wind  deg  and  dbi 

azimuth  angles,  measured  in  a  plane  parallel 
to  the  local  tangent  plane  where  j  *»  1,  2,  ..., 

30.  Angle  measured  clockwise  from  north  to  the 
direction  from  which  the  wind  is  coming. 


Reserved  for  Aerodynamic  Coefficient 
Calculation  Routine 

Input  shaper  control  flag 

where:  if  it  equals  0,  ignore  routine 

1.  maximize  range 

2.  maximize  payload  to  a  given  range  i;r, 

3.  determine  payload  to  a  circular  orbit 


Input  target  range  or  orbital  altitude  n.m. 

Input  and  output  mode  type  control  where  dim 

j  =  1,  2,  ...,  10.  If  1  rigid  body  with 
controls,  and  2  rigid  body  with  controls 

Input  -ode  which  designates  the  quantity  dim 

that  determines  when  the  J-th  mode  type  ends 
where  j  =  1,  2,  10 


Input  quantity  which  designates  the  limit  of  dim 

the  j-ch  mode  type  end  where  j  =  1,  2,  ..., 

10 


Input  code  designating  start  of  target  maneuvering  dim 
% 

Input  quantity  which  designates  the  start  of  dbi 

taxgct  maneuvering 


5<M 


L-number 

Symbol 

Definitions 

Units 

L0632 

v 

'to 

Input  target  initial  velocity  at  start  of 
target  maneuvering 

ft/sec 

L0633 

7to 

Input  initial  target  flight  path  argle  at 
start  of  target  maneuvering 

deg 

L0634 

hT6 

Input  target  initial  altitude  at  the  start 
of  the  target  maneuvering 

ft 

L0635 

^0 

Input  initial  target  azimuthal  flight  path 
angle  at  start  of  target  maneuvering 

deg 

L0636 

ST0 

Input  initial  target  position  down  range 

n.a. 

L063? 

STC0 

Input  initial  target  position  cross  range 

n  .m « 

L0638-63S 

Open 

L0640 

644,  etc. 

fcTj 

Input  target  time  terminating  the  j-th  target 
acceleration  value  of  dynam  cal  condition  table 

L0641, 

645,  etc. 

Input  target  earth  reference  acceleration 
tangential  to  the  target  velocity  vector  for 
the  j-th  period  of  the  target  dynamical  condition 
table 

g'S 

L0642, 

646,  etc. 

^Nj 

Input  target  earth  reference  acceleration 
normrl  to  the  target  velocity  vector  for  the 
j-th  period  of  the  target  dynamical  condition 
table 

g*s 

L0643, 

647,  etc. 

^Cj 

Input  target  earth  reference  acceleration  cross¬ 
wise  to  the  target  velocity  vector  for  the  j-th 
period  of  the  target  dynamical  condition  table 

g's 

1.0668-669 

Open 

L0670 

A, 

dc 

Input  value  of  number  of  desired  duty  cycle 
points  (100  maximum)  if  input  zero,  set  equal 
to  50 

dim 

L0671 

Kdc 

Input  and  output  stage  number  of  TVC  duty 
cycle  stage 

dim 

L0672 

ha 

Input  final  attitude  of  maximum  wind  shear  used 
in  TVC  duty  cycle  slew  rate  calculations 

ft 

L0673 

hS 

Input  initial  altitude  of  maximum  wind  shear 
used  in  TVC  duty  cycle  slew  rate  calculations 

ft 

L0674 

C*J 

$ 

Input  slew  frequency  used  in  the  TVC  design 
stage  slew  rata  calculations 

rad /sec 

I 


1 

i 

5 

4 


3 

s? 

i 

8 

3 
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L-number 

Symbol 

Definitions 

Units 

L0675 

FW1 

Input  stage  I  vacuum  thrust  to  liftoff  weight 
used  in  the  vehicle  characteristics  pertinent 
to  roll  requirement 

g's 

L0676 

W  , 
ol 

Input  stage  I  liftoff  weight  used  in  roll  control 
requirements 

lb 

L0677 

u 

TVC 

Input  and  output  estimated  TVC  system  fixed 
weight.  Used  in  TVC  design  stage  for  the 
refly  option 

lb 

L0678 

W  . 
exi 

Input  estimated  weight  of  the  TVC  system 
expend  weight  during  the  TVC  design  stage 
during  the  original  vehicle  flight 

-  ». 

L0679 

I 

spaug 

Input  and  output  estimated  TVC  system  caused 
specific  impulse  augmentation  (positive)  or 
degradation  (negative).  Used  in  trajectory 

TVC  Design  program  refly 

sec 

L0680 

X  r 

nf 

Input  body  station  of  nozzle  flange.  Used  in 
the  TVC  design  program 

ft 

L0681 

& 

me 

Input  maximum  vector  angle  design  limit  also 
output  in  TVC  design  duty  cycle 

deg 

L0682 

Input  altitude  of  maximum  wind  velocity.  Also 
flag  to  set  up  wind  table  per  MMRBM  wind  shear 
criteria 

ft 

L0683 

^TPF 

Input  titled  print  flag 

dim 

LOR  84 


79S 


Reserved  for  plotter  option 


L-numbar 

L0800, 

810,  etc. 

L0801, 

811,  etc. 


L0802 , 

812,  etc. 

L0803. 

813,  etc. 

L0804, 

814,  etc. 

L0805 , 

815,  etc. 

L0806 , 

816,  etc. 

L807, 

617,  etc. 

L0808, 

818,  etc. 

L0809,  819, 
etc. 

LOP.  70, 

872,  etc. 

L0871 , 

873,  etc. 


L0900-999 


Symbol 

Definition 

Units 

FyJ 

Input  thrust  control  law  code  for  the  j-th 
type  of  TMC  table 

dim 

Si 

Input  coda  which  designates  the  quantity 
that  determines  when  the  j-th  type  of 

TMC  ends 

dim 

Si 

Input  limit  ot  the  j-th  type  TMC 

dbi 

TMC. 

J 

Input  thrust  dynamic  mode  of  the  j-th  type 

TMC 

dim 

CFyj 

Input  thrust  system  proportionality  s/stem 
gain  of  the  j-th  type  TMC 

dim 

TFyj 

Input  control  system  time  constant  of  the 
j-th  type  TMC 

sec 

MIN. 

J 

Input  minimum  velocity  or  constant  Mach 
number  of  the  j-th  type  of  TMC 

dim/ft/sec 

q 

maxj 

Input  maximum  allowable  dynamic  pressure 
of  the  j-th  type  of  TMC 

lb/ft2 

q 

Mmui 

Input  minimum  allowable  dynamic  pressure 
of  the  j-th  tjpe  cf  TMC 

lb/ft2 

Open 

CVPj 

Input  time  value  for  Specific  Velocity  -  Time 
Profile  used  in  Fy=l  TMC  j  -  1.  2,  . ..,  15 

sec 

VVPj 

Input  earth  reference  velocity  for  the 

Specific  Velocity  -  Time  Profile  used  in 

Fy=l  TMC  j  -  1,  2,  ...,  15 

ft/sec 

Special  Coding 
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The  following  parameters  are  input  for  each  stage.  The  rirst  digit  of  the 
L-number  indicates  the  stage  number. 


L-number 

Symbol 

definition 

Units 

K000* 

°Sk 

Input  code  which  designates  the  quantity 
that  determines  when  a  stage  is  terminated 
where  k  =  1,  2,  3,  4 

dim 

K001 

D 

P 

Input  diameter  of  propellant 

in 

K002 

rbl000 

Input  burnvate  of  propellant  at  1000  lb/in^ 
chamber  pressure  and  flag  to  determine 
evaluation  opticr. 

in/  se< 

K003 

*3 

Input  quantity  which  determines  stage 
termination 

dbi 

K004 

xvT 

Input  total  of  the  main  a;»d  complementary  vacuum 
impulse 

lb/ st! 

K005 

IvM 

input  main  stage  total  vacuum  impulse 

Ib/se 

K006 

WM0 

Input  initial  ua.n  weight  for  the  k-th  stage 

lb 

K007 

*FM 

Input  multipliers  of  the  main  vacuum  thrust 

dim 

K008 

Input  mair.w  eight  flow  multiplier.  If  input 
zero  is  set  to  1.0 

dun 

K009 

KtM 

Input  main  switching  time  multipliers.  If 

zero,  the  program  assumes  a  value  of  one. 

If  is  designated  at  tg,  then  K-,  is 

multiDlied  bv  K’  . 

tm 

dbi 

K010 

IspM 

Input  main  specific  impulse-  used  to  compute 
vehicle  weight  flow.  If  zero,  weight  flow 
is  determined  from  theinput  weigbtflow.  Also 
output  in  the  TVC  duty  cycle. 

sec 

KOU 

AeM 

Input  main  thrust -weight  table  input  stage 
nozzle  exit  area 

C4 

.u 

U-i 

KOI  2 

KOk 

Input  main  thrust-weight  table  weight  carry¬ 
over  flag  for  the  k-th  stage.  If  zero, 
separation  has  occurred  with  regards  to  the 
main  and  complementary  weights.  If  non-zero, 
the  mal’i  weight  at  the  termini  ion  of  the  k-1 
stage  is  used  as  the  initial  main  weight  of 
the  k-th  stage 

dim 

KOI  3 

£d 

Input  and  output  nozzle  expansion  ratio  used  in 
the  separated  flow  nozzle  thrust  equations 

dim 
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The  following  parameters  are  input  for  each  stage.  The  first  digit  of  the 
L-n'traber  indicates  the  stage  number. 


L-number 

Symbol 

K000* 

°Sk 

K001 

D 

P 

K002 

rbl000 

K003 

*3 

K004 

Hi 

KC05 

XvM 

K006 

WM0 

K007 

Si! 

K008 

Sm 

K009 

X 
rr  - 
2Z 

X010 

IspM 

KG11 

AeM 

K012 

K0k 

KOI  3 

6d 

Definition  Units 


Input  code  which  designates  the  quantity  dim 

that  determines  when  a  stage  is  terminated 
where  k=  i,  2,  3,  4 

Input  diameter  of  propellant  in 

Input  burnrate  of  propellant  at  1000  lb/itt*  in/scc 

chamber  pressure  and  flag  to  determine 
evaluation  option 

Input  quantity  which  determines  stage  dbi 

termination 


Input  total  of  the  main  and  complementary  vacuum  lb/sec 
impulse 


Input  main  stage  total  vacuum  impulse 


Ib/sec 


Input  initial  main  weight  for  the  k-th  stage 

Input  multipliers  of  Che  main  vacuum  thrust 

Input  mavnweight  floi*  multiplier.  If  input 
zero  is  set  to  1.0 

Input  main  switching  time  multipliers.  If 

zero,  the  program  assumes  a  value  of  one. 

If  o  is  designated  at  tg,  then  is 

multiplied  by  K*  . 

tin 

Input  main  specific  impulse  used  to  compute 
vehicle  weight  flow.  If  zero,  weight  flew 
is  determined  from  theinput  veightfiow.  Also 
output  in  the  TVC  duty  cycle. 

Input  main  thrust -weight  table  input  stage 
nozzle  exit  area 

Input  main  thrust -weight  table  weight  carry¬ 
over  flag  for  the  k-th  stage.  If  zero, 
separation  has  occurred  with  regards  to  the 
main  and  complementary  weights.  If  non-zero, 
the  main  weight  at  the  termintt  icn  of  the  k-1 
stage  is  used  as  the  initial  main  weight  of 
the  k-th  stage 


lb 

dim 

dim 


dbi 


sec 


ft' 


dim 


Input  and  output  nozzle  expansion  ratio  used  in  din 
the  separate*.,  flow  nozzle  thrust  equations 


j 


508 


L-number 

Symbol 

Definition 

Units 

KOI  4 

7d 

Input  and  output  calculated  ratio  of  specific 
heats  of  the  rocket  motor  exhaust  gases.  If 
input  zero  1.18  is  used.  Used  in  separated 
flew  nozzle  thrust  equations 

dim 

KOI  5 

CD 

Input  and  calculated  nozzle  efficiency 
coefficient  used  in  the  separated  flow  nozzle 
thrust  equation 

dim 

K016 

ttd 

Input  nozzle  half  angle  used  in  the  separated 
flow  nozzle  thrust  equation. 

deg 

KOI  7 

a' 

5 

Input  nozzle  separation  polynominal  coefficient 
used  in  the  separated  flow  nozzle  thrust 
equation  .  If  input  zero  is  set  to  0.3 

d  im 

K.018 

b1 

s 

Input  nozzle  separation  polynominal  coefficient 
used  in  the  separated  flow  nozzle  thrust 
equation  if  input  zero  is  set  to  0.7 

dim 

KOI  9 

c’ 

s 

Input  nozzle  separation  polynominal  coefficient 
used  in  the  separated  flow  nozzle  thrust 
equation.  If  input  zero  is  set  to  0.884 

dim 

K020 

PaKM 

Input  main  table  thrust  reference  atmospheric 
pressure 

lb/ft2 

K02i , 

024,  etc. 

^Mj 

Input  value  of  the  main  vacuum  thrust  to  be 
used  during  tjy  5  t<  where  j  =  I,  2.  .... 

per  stage 

lb 

25 

KP22, 

025,  etc. 

% 

Input  main  weight  flow  at  t^f.  where  j  =  1,  2, 
...»  25  per  stage  *3 

lb /sec 

K023 , 

026,  etc. 

tMj 

Input  main  thrust-weight  switching  time  from 
stage  Initiation  where  j  =  2,  3,  ...»  cr  25 
per  stage 

sec 

K095 

PP 

Density  of  propellant  used  in  Internal  Ballistic 
evaluation  is  set  to  0.065  if  not  input 

lb /in3 

K096  t 

W 

K097  n 

K098  Cfp 


Web  fraction  used  in  internal  ballistic  evaluation 
is  set  to  0.8  if  not  input  dim 


Bumrate  exponent  used  in  internal  ballistic 
evaluation  is  set  to  0.6  if  net  input 

Propellant  ciffusivity  used  in  internal 
ballistic  evaluation  is  set  to  0.00027 
if  not  input 


dim 

,  2/ 
in  /sec 


. .  • .  2 
lb/  m 


K099 


P 

max 


Maximum  al lowabie  chamber  pressure  used  in 
internal  ballistic  evaluation 


N-numbor 

Symbol 

Definition 

Un  it  s 

Ki  00 

Input  multiplier  of  the  complimentary  vacuum 
thrust.  If  input  zero  for  the  k-th  stage 
and  I^T  ■  =  0»  the  camp!  cmititnry  thrust 

for  the  k-th  stage  are  zero 

dint 

K101 

^•c 

Input  complementary  weight  flow  multiplier. 

If  input  zero  is  set  to  1.0 

dim 

K102 

Ktc 

Input  complementary  switching  time  multiplier. 

Tf  zero,  tne  program  assumes  a  value  of  one. 

dim 

K103 

T 

■"■spC 

Input  complementary  specific  impulse  used  to 
compute  vehicle  weight  flow.  If  zero  weight 
flow  is  determined  from  input  weight  flow.! 

sec 

K104 

AeC 

Input  complementary  thrust-weight  tabl"  stage 
nozzle  exit  area 

ft2 

K105 

WCok 

Input  initial  complementary  weight  for  the  k-th 
stage 

lb 

K106 

Input  complementary  stage  total  vacuum  impulse 

lb -sec 

K107 

^Ok 

Input  complementary  thrust-weight  table  weight 
carryover  flag  for  the  k-th  stage.  If  and 

%Ok  arc  noIi-zcro,  separation  has  occurred  with 
regards  to  the  complementary  weight.  Tf  Kq^  is 
non-zero  and  %ok  -s  zero,  the  total  vehicle 
weight  at  the  termination  of  the  k-1  stage  is 
used  as  the  initial  weight  of  the  k-th  stage 

dim 

XI 03 

Sd 

Input  flag  which  stipulates  that  the  main  nozzle 
exit,  area  will  be  used  in  the  base  drag 
calculations  vdien  splitting  main  and 
complementary  tables  to  allow  for  up  to  47 
thrust  time  points 

dim 

K109 

ParC 

Input  complementary  table  thrust  reference 
atmospheric  pressure 

lb/ft2 

Kill , 
etc 

114 

Ccj 

Input  complementary  thrust-weight  switching 
time  fee®  stage  Initiation  where  j  *  1,  2,  3, 

...»  25  per  stage 

sec 

K112, 

etc 

115, 

Fcj 

Input  value  of  the  complementary  vacuum  thrust 
to  be  used  during  t_.  its  tcd+l)  where  j  « 

1,  2,  ...»  25  per  stage 

lb 

KU3, 

etc 

116 

• 

w 

C-J 

Ir.put  complementary  ue%ht  flow  at  where 

j  *  1,  2,  ....  25  per  stage 

Ib/sec 

K185 

•RC 

Input  aerodynamic  chord  force  coefficient 
reference  areas 

510 

sq  ft 

L-number 


Svmbol 


Def  in  it  ion 


Units 


Input  stage  axial  force  control  function 
and  multiplier.  If  input  zero,  the  multiplier 
is  set  to  one;  if  non-zero,  the  axial.  force_ 
is  determined  from  input  and  multiple  *»v  C 


KI88 , 

190,  etc. 

K189, 

191,  etc. 


Input  Mach  number  for  aerodynamic  axial 
representation  where  j  =  1,  ?. ,  ...,  15  per  -tage 

Input  and  instantaneous  (with  Mach  number  H.) 
aerodynamic  axial  force  coefficients,  3 

respectively,  where  j  =  1,  2,  ...,  15  per  stage 

Input  missile  platform  area  used  in  calculating 
tumbling  aerodynamic  axial  force  coefficients 

Input  missile  body  station  of  the  centroid  of 
the  platform  area 

Input  aerodynamic  normal  force  coefficient 
reference  area 


sq  ft 


sq  ft 


K223, 

228,  etc. 


K224-226 


K227, 

232,  etc. 


i  Input  normal  force  control  function  and 

normal  force  multiplier.  If  input  zero,  the 

multiplier  is  set  to  one  and  if  non-zero,  the 
normal  force  is  determined  from  input  and 
multiplied  by  where  k  *•  1,  2,  3,  4 

Input  stage  aerodynamic  normal  force  center 
*"**  of  pressure  multiplier 

Input  Mach  number  for  aerodynamic  normal  force 
coefficient  representation  where  j  **  1,  2,  ..., 
15  per  stage 

:  .  »  ...  Input  values  of  C  .  «  -  respectively, 

*  corresponding  to  M. ’wflefe  1,  2,  ...»  15 

per  stage 

c  Input  and  output  instantaneous  (with  Mach 

number  M)  aerodynamic  normal  force  center  of 
pressure  body  station  numbers,  respectively, 
where  j  »  1,  2,  ....  15  per  stage 

B  Input  aerodynamic  reference  diameter 

IU1 

Input  aerodynamic  pitch  damping  moment  due  to 
^  pitch  rate  multiplier 

Input  aerodynamic  pitch  damping  moment  duG  to 
rate  change  of  angle  of  attack  multiplier 


£ 

deg/deg2/deg3  | 


dbi  and  ft 
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L -number  Symbol 


Definition 


Units 


K301 

Input  aerodynamic  pitch  damping  moment  due 
to  pitch  rate  multiplier 

dim 

K302 

XRQ 

Input  and  calculated  pitch  damping  moment 
due  to  pitch  rate  reference  moment  point 
body  station 

dbi  and 

K303 

Ka 

Input  aerodynamic  pitch  damping  moment  due 
to  time  rate  change  of  angle  of  attack 
multiplier 

dim 

K304 

XR0£ 

Input  and  calculated  pitch  damping  moment  due 
to  rate  change  of  angle  of  attack  reference 
moment  point  body  station 

dbi  and 

K305.308, 

etc 

MDj 

Input  Mach  number  for  aerodynamic  represent¬ 
ation  where  j  =  1,  2,  ...»  15  per  stage 

Jim 

K306,309 

etc 

CMQj 

Input  aerodynamic  pitch  damping  moment  due  to 
pitch  rate  coefficient  where  j  =  1,  2,  15 
per  stage 

/deg 

K30?,310 

etc 

Siaj 

Input  aerodynamic  pitch  damping  moment  due  to 
rate  change  of  angle  of  attack  coefficient 
where  j  =  1,  2,  15  per  stage 

/deg 

K350-379 

Open 

K380 

n1 

m 

Input  and  output  internally  calculated  number  of 
motors  in  the  stage  cluster 

dim 

K381 

n' 

c 

Input  and  output . internally  calculated  number 
of  control  nozzles  for  the  cluster  motor  logic 

dim 

K3S2 

R 

c 

Input  radius  of  cluster  for  the  k-th  stage 

ft 

K383 

a 

It 

Input  standard  deviation  of  the  ratio  of  total 
impulse  to  nominal  total  impulse  for  the  K-th 
stage 

dim 

K334 

°tb 

Input  standard  deviation  of  the  ratio  of  web 
bumtime  to  nominal  bumtime  for  the  k-th  stage 

dim 

K385 

Mr 

Input  bivariant  consideration  axis  for  the  k-th 
stage 

deg 

K386 

*1 

Input  amplitude  of  limit  cycle  for  the  k-th  stage 

K387 

ka 

Input  side  impulse  multiplier.  If  input  zero 
is  set  to  one 

dim 

K388 

UL 

Input  frequency  of  limit  cycle  for  the  k-th 
stage 

rad/scc 

L-number 


Symbol 


Definition 


Units 


O 


K3S9 

6m? 

Input  nozzle  misalignment  angle  in  pitch 

deg 

K390 

^iY 

Input  nozzle  misalignment  angle  in  yaw 

deg 

K391-392 

ao,  jk 

Input  constants  used  in  the  Zgg  and  constant 
components  nontarget  dependent  pitch  steering 
equations  for  the  k-th  stage 

rad 

K393-395 

b.. 

Input  constants  used  in  the  X^,  ,  and  X^„g 

components  of  the  nontarget  dependent  pitch 
steering  equation  for  the  k-th  stage  j  *  1, 

2,  3 

rad- 
rad - 
and 

K396 

Tfk 

Input  pitch  flare-in  -.irae  constant  for  k-th 
stage  used  in  velocity  steering  type  of 
flight  (Ty=4) 

sec 

K397 

°glk 

Input  code  which  designates  the  start  of  the 
acquisition  zone  for  evaluation  of  the 
steering  equations  coefficients  for  the  k-th 
stage  k  =  1,  2,  3,  or  4 

dbi 

K398 

Kglk 

Input  quantity  which  designates  the  start 
of  the  acquisition  zone  for  evaluation  of 
the  steering  equation  coefficient  for  the 
k-th  stage  k  =  1,  2,  3,  or  4 

dbi 

K399 

°g2k 

Input  quantity  which  designates  the  end  of  the 
acquisition  zone  for  evaluation  of  the  steering 
equation  coefficient  for  the  k-th  stage,  k  =  1, 

2,  3,  or  4 

dbi 

K4G0 

Kg2k 

Input  quantity  which  designates  the  end  of  the 
acquisition  zone  for  evaluation  of  the  steering 
equation  coefficient  for  the  k-th  stage,  k  =  1 

2 ,  3 ,  or  4 

dbi 

K401 

Kyk 

Input  gain  constant  in  the  nontarget  dependent 
yaw  steering  equation  for  the  k-th  stage 

dim 

K402 

V 

Input  time  constant  in  the  nonlarget  dependent 
yaw  steering  equation  for  the  k-th  stage 

sec 

K403 

8mr 

Input  roll  system  fin  misalignment  angle 

deg 

K404 

^6R 

Input  roll  fin  radial  center  of  pressure 
to  missile  centerline  distance 

ft 

K405 

krc 

Input  roll  control  system  flag.  If  equal  l, 
an  auxiliary  roll  thruster  system  is  simulated. 

dim 

If  equal  2,  aerodynamic  centeral  fins  are  used 


513 


. 


L-number 

fyrabol 

Definition 

Units 

K406 

n 

vr 

Input  disturbing  roll  nozzle  vortex  multiplier. 

Ii  not  input  is  set  to  0.00363 

ft 

K407 

Wpc 

Pintle  control  frequency 

rad/sec 

K408-416 

Open 

:<4i7 

xPf 

Input  stage  forward  end  c£  propellant  grain 
body  station 

ft 

K418 

xPa 

Input  stage  aft  end  of  propellant  grain  body 
station 

ft 

K419 

XE 

Input  and  computed  stage  nozzle  exit  body 
station 

ft 

K420-421. 

6P0’ 

^PO 

Input  per  stage  initial  pitch  thrust  vector 
deflection  angle  and  angular  rate  at  the 
trajectory  initiation  or  stage  initiation 

deg  and 
deg/sec 

K422-423 

6yo* 

*Y0 

Input  per  stage  initial  yaw  thrust  vector 
deflection  angle  and  angular  rate  at  the 
trajectory  initiation  or  stage  initiation 

•leg  and 
oug/sec 

K424 

fro 

Input  per  stage  initial  roll  thrust 

lb 

K425-427 

Open 

K428 

Input  stage  pitch  attitude  reaction  angular 
impulse;  i.e.,  added  to  Aj  at  staging 

deg 

K429 

ARb 

Input  stage  yaw  attituu  reaction  angular 
impulse;  i.e.,  added  to  at  staging 

deg 

K43Q 

*e 

Input  stage  thrust  ginbal  position  Multiplier 

dbi 

K431 

e 

Input  stage  thrust  gimbal  position  bod''  station 

ft 

K432 

i 

J  n 

Input  stage  thrust  girubal  yaw  eccentricities. 
Positive  in  the  Y^  axis  direction. 

ft 

K433 

Z 

c 

Input  stage  thrust  gimbal  pitch  point 
eccentricities,  respectively.  Positive  in  the 

2^  axis  direction 

dbi  and 

K434 

h 

Input  thrust  control  flag.  If  zero,  control 
thrust  is  determined  from  instantaneous 
vehicle  thrust.  If  cne ,  the  control  thrust  is 
obtained  from  the  instantaneous  main  stage  thrust, 
if  two  control  thrust  is  nonexistent 

dim 

K435 

* 

c 

Input  *'»'age  pitch  and  yaw  control  systems  time 
constant  for  the  thrust  vector  deflection 
first  order  transfer  function 

see 

■vi 
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L-number 

Symbol 

Definition 

Units 

K436 

Sc 

Input  stage  pitch  control  systems  damping 
ratio  for  the  thrust  vector  deflection 

dim 

second  order  transfer  function 

K437 

w 

/» 

Input  stage  pitch  control  systems  forcing 
frequency  for  the  thrust  vector  deflection 
second  order  transfer  function 

rad /sec 

K438 

K 

Input  vehicle  controlled  damping  ratio 

dim 

K439 

id' 

V 

Input  vehicle  controlled  frequency  for  Che 
k-th  stage 

rad/sec 

K440-449 

T, 

J 

Inp-'t  control  system  vhere  j  =  i,  2,  ...» 

10  per  stage.  If  zero,  a  limit  is  not  applied: 
otherwise.  limits  the  following  parameters 

where  the  statement  number  is  j 
(1)  Kjj^,  (2)  (3)5pJ  (4)  bp  and  (5)  6p 

deg 

deg 

deg 

deg/sec 

\6)  v7>  5yc,  (8)  6y,  (9)  &y  (10) 

deg/sec 

KA50.459 

etc 

Spj 

Input  control  system  pitch  attitude  error 
gain  for  the  j-th  control  region  j  =  1,  2,  or  3 

dim 

K451.460 

etc 

Syj 

Input  control  system  yaw  attitude  error  gain 
for  the  j-th  control  region  j  =  1,  2,  or  3 

dim 

K452,46l 

etc 

^j 

Input  control  system  pitch  attitude  rate  gain 
for  the  j-th  control  region  j  s  1,  2,  or  3 

sec 

K453,  462 
etc 

^RYj 

Input  control  system  yaw  attitude  rate  gain 
for  the  j-th  control  region  j  =  1,  2,  or  3 

sec 

K4S4,  463 
etc 

“iPj 

Input  pitch  angle  ot  attack  gain  for  the  j-th 
control  region  j  =  1,  2,  or  3. 

dim 

K455 ,  4G4 
etc 

kiyd 

Inpqt  your  angle  of  side  slip  gain  for  the  j-th 
control  region  j=l,  2-  or  3 

K456,  465 
etc 

£Gik 

Input  attitude  control  system  gain  control 
flag.  If  equal  to  zero,  input  gains  are 
utilized;  if  not  equal  to  zero,  the  automatic 
gains  are  utilized  for  the  j-th  control  rone 
i  =  1,  2,  or  3;  and  k-th  stage,  k  =  1,  2,  3,  of  4 

dim 

K457,  466 

°Gj 

Input  code  which  designates  attitude  control 
system  gain  zone  limits  (j  =  1,  2,  or  3) 

dim 

K458,  467 

KGik 

Input  attitude  control  system  gain  zen  e 
limits  (1  =  1,  2,  or  3)  and  the  k-th  stage 
k  =  1,  2,  3,  or  4 

c!bi 

K47S 

'ly 

Input  mo  i-nt  of  inertial  multiplier 

dbi 

L -number 

Svmbol 

Definition 

Units 

K476 

h 

Input  yaw  moment  or  inertia  multiplier 

dbi  ;  t 

%  / 

K477 

h 

Input  roll  moment  of  inertia  r.ultiplier 

dbi 

K478 

W 

Input  stage  weight  multiplier.  If  input  zero, 
is  set  internally  to  one  and  if  nonzero,  the 
input  weight  used  in  the  mass  properties  table 

W4  (j  =  1,  2,  . ..,  15)  is  multiplied  by  W 

dim 

K479 

X 

eg 

Input  stage  center  of  gravity  position  multiplier 

dbi 

K480 

z' 

eg 

Input  center-of-g.ravity  offset  bias  distance, 
in  pitch,  positive  down 

dbi 

K481 

y* 

•'eg 

Input  center~of- gravity  offset  bias  distance 
in  yaw,  positive  to  the  right 

dbi 

K482 

W 

n 

Input  stage  raovuble  portion  nozzle  weight 

lb 

K483 

Xn 

Ir  put  stage  movable  portion  nozz'..e  moment 
of  inertia  about  the  gimbal  point 

slug-ft^ 

K484 

X 

n 

Inpit  stage  movable  portion  of  nozzle  center- 
of-gravity  boly  station 

dbi 

K485-487 

Open 

K488-  496 
etc 

W 

j 

Input  vehicle  weight  to  relate  the  input 
moment  of  inertia  values  j  =  1,  2, 

15  per  stage 

lb  ^ 

K489,  499 
etc 

Xcgj 

Input  instantaneous  (with  total  vehicle 
weight,  W.)  center-of -gravity  body  station 
numbers,  Respectively,  where  j  =  1,  2,  ...» 

15  per  stage 

dbi  and  ft 

K490,  500 

Vj 

Input  total  vehicle  pitch  moment  of  inertia 

dbi 

etc 

corresponding  to  the  total  "vehicle  weight 
input  Wj  where  j  =  1,  2,  ...»  15  per  stage 

K491,  501 
etc 

Zcgj 

Input  instantaneous  (with  total  vehicle  weight. 

Hi)  center  of  gravity  offsets,  respectively, 
where  j  a  1,  2,  ...»  15  per  stage.  Positive  in 
the  axis  direction 

dbi  and  ft 

K432,  502 

hi 

Input  total  vehicle  yaw  moment  of  inertia 
corresponding  to  the  total  vehicle  weight 
input  W,  where  j  =  1,  2,  ...,  15  per  stage 

slug-ft^ 

K493,  503 

ycyj 

Input  instantaneous  (with  total  vehicle  weight, 

W)  center  of  gravity  butt  line  number,  where 
j  *  1,  2,  15  per  stage 

dbi  and  ft 

o 
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'•rsp 


L-ntunber 


Symbol 


Definition 


Units 


K494,  S04  Iv, 

K495,  505  lm 


K496,  506  I^Zi 

K497,  507  Izx. 


Input  ^  al  vehicle  roll  moment  of  inertia 
weight  input  Wj,  where  j  -  1,  2,  . ..,  15 
per  stage 

Inpit  total  vehicle  roll-yaw  product  of 
inertia  corresponding  to  the  total  weight 
input  Wj,  where  j  -  1,  2,  15  per 

stage 

Input  total  vehicle  yaw  pitch  product 
of  inertia  corresponding  to  the  total 
vehicle  weight  input  Wj ,  where  J  *  1,  2, 

. ..,  15  per  stage 

Input  total  vehicle  pitch-roll  product  of 
inertia  corresponding  to  .’n  total  veh  icle 
weight  input  Wj,  where  j  ■  1  15 

per  stage 


slug  ft2 
slug  ft2 


slug  ft 


2 


slug  ft2 


K638, 

658 

648 

^Ri 

Input  thruster  roll  cor . . j\  lever  arm  for 
the  i-th  center  zone 

ft 

K639, 

659 

649 

TRi 

Input  stage  roll  control  system  time 
constant,  for  the  first  order  transfer 

sec 

K640. 

660 

650 

Di 

Input  roll  control  system  hysteresis  for 
the  i-th  zone-,  i  =  1,  2,  or  3 

dim 

K641, 

661 

651, 

FAi 

Input  maximum  roll  control  thrust  for  the 
i-th  zone,  i  =  1,  2,  or  3 

lb 

Kf-42, 

662 

652, 

LRCi 

Input  maximum  roll  control  thrust  for  the 
i-th  zone,  i  -  1,  2,  or  3 

lb 

K643, 

663 

653 

"DRi 

Input  roll  control  system  attitude  error 
gain  for  the  1-th  zone,  i  =  1,  2,  or  3 

dim 

K644, 

664 

654 

Open 

K645, 

665 

655 

“rRI 

Input  roll  control  system  attitude  rate 
gain  for  the  i-th  zone,  i  -  1,  2,  or  3 

sec 

K646, 

666 

656 

ISPRi 

Input  roll  control  motor  specific  impulse 
for  the  i-th  zone,  i  *»  1,  2,  or  3 

sec 

K647, 

667 

CRi 

Input  operating  time  fron  stage  initiation 
of  the  roll  control  function  for  the  i-th 
zone,  i  -  2,  3 

sec 

K667, 

670 

SRRi 

Input  reference  area  of  the  i-th  raceway, 
i  =  1,  2 

ft2 
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K668,  671 

rRi 

Input  distance  from  the  vehicle  centerline 
to  the  i-tn  raceway  center  of  pressure 
i  =  1,  2 

ft 

K669,  672 

% 

Input  bank  angle  location  of  the  i-th 
raceway  where  i  —  1,  2.  As  seen  from 
the  rear  of  the  vehicle,  a  positive  angle 
is  measured  clockwise  from  the  axis 

direction 

deg 

K673,  675, 
etc 

% 

Input  Mach  number  for  aerodynamic  rolling 
moment,  j  =  1,  2,  ...»  10 

dim 

K674,  676, 
etc 

CRRj 

Input  raceway  aerodynamic  force  coefficient 
corresponding  to  the  M^,  j  =  1>  2,  ,..,10 

dim 

K693-699 

Open 

K70u 

S 

Fz 

Input  aerodynamic  pitch  fin  lift  and  drag 
coefficient  reference  area 

sq  ft 

K7C1 

Xhz 

Input  missile  body  station  of  the  pitcn  fin 
hinge  axis 

ft 

K702 

Uhz 

Input  pitch  movable  control  fin  binge  axis  to 
the  leading  fin  base  root  location  distance 
to  the  pitch  fin  base  root  length  ratio 

dim 

K703 

£bz 

Input  pitch  fin  base  root  length 

ft 

K7C4 

^ycf 

Input  aerodynamic  yaw  tin  deflection  ingle 
multiplier 

dim 

K705 

V 

Input  aerodynamic  pitch  fin  deflection  angle 
multiplier 

dim 

K706 

6Lz 

Input  aerodyanmic  linear  pitch  fin  lift 
coefficient  multiplier .  If  input  zero  is 
set  to  1.0 

dim 

K707 

®i« 

Input  aerodynamic  nonlinear  pitch  fin  drag 
coefficient  multiplier.  If  input  zero  is  set 
to  1.0 

dim 

K708 

6dz 

Input  aerodynamic  pitch  fin  drag  coefficient 
multiplier.  If  zero  set.  equal  to  one 

dim 

K709 

v ' 

\z 

Input  aerodynamic  pitch  fin  drag  due  to  lift 
multiplier.  If  zero  set  equal  to  one 

dim 

K710,  716, 
etc 

HFj 

Input  mach  number  for  aerodynamic  fin  dim 

representation  where  j  3  1,  2,  ...»  15  per  stage 

K7U,  717, 
etc 

CUj 

Input  and  calculated  aerodynamic  pitch  fin 
tonlinear  lift  coefficient  j  =  1,  2,  ...,  15 
per  stage  51g 

2/deg 
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K712,  718 
etc 

°lzj 

Input  and  calculated  aerodynamic  pitch  fin 
nonlinear  lift  coefficient  j  =  1,  2,..., 

15  per  stage 

1/deg 

K713 ,  719, 
etc 

CDzj 

Input  aerodynamic  pitch  fin  drag  coefficient 
j  =  1,  2,  ,  i5  per  stage 

dim 

K7U,  720, 
etc 

^zj 

Input  aerodynamic  pitch  fin  drag  due  to 
lift  factor 

rad 

K715,  721, 
etc 

Uczj 

Input  pitch  aerodynamic  control  fin  center 
of  pressure  as  a  ratio  of  fin  chord  length 

dim 

K800-999 

Open 

ra 
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SWITCHING  CODE 


Quantities  which  can  be  involved  as  switching  functions  or  in 
the  hunting  procedure  are  assigned  a  code  number  shown  in  succeeding 
pages.  The  code  number  is  input  in  the  appropriate  space  on  the 
load  sheet  and  the  program  determines  the  parameter  which  corresponds 
to  che  code  number.  The  parameter  and  not  the  code  input  is  used  in 
program  equations  and  logic. 

The  input  parameter  code  is  designated  by  inputting  the  L-nurabev 
(delete  the"L"  of  the  parameters).  These  parameters  can  oe  used  only 
as  independent  variables  in  the  hunting  procedure. 


If  the  sigma  code  number  is  input  negatively,  the  absolute 
value  of  the  parameter  is  then  utilized  in  the  program  equations  and  logic 
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L-number 

Syiubol 

KSB 

Definition 

5000 

T 

t 

Instantaneous  time  (sec) 

5001 

TB 

CB 

Time  from  the  current  stage  initiation  (sec) 

5002 

TB2 

CB2 

Time  fron.  Stage  II  initiation  zero  if  I-II 
staging  has  not  occurred  (sec) 

5003 

TB3 

tB3 

Time  from  Stage  III  initiation  zero  if  II-III 
Staging  has  not  occurred  (sec) 

5004 

TB4 

t34 

Time  from  Stage.  IV  initiation  zero  if  III-IV 
staging  has  not  occurred  (sec) 

5005 

SST 

£k 

Stage  start  time  (sec) 

5006 

GST2 

SST2 

Start  time  stage  II  (sec) 

5007 

SST3 

sst3 

Start  time  stage  III  (sec) 

5008 

SST4 

sst4 

Start  time  stage  IV  (sec) 

5009 

TBF 

CBf 

Trajectory  burnout  time  for  the  stage  below  (sec) 

5010 

TT 

tT 

Time  from  target  maneuvering  initiati  on  (sec) 

5011 

ITS 

CTS 

Target  start;  time  (sec) 

5012 

TA 

t 

a 

Total  flight  time  to  the  glide  phase  apogee 
altitude  (sec) 

5013 

TE 

C. 

b 

Total  flight  time  to  atmospheric  entry  (sec) 

5014 

TF 

cf 

Total  flight  time  to  the  termination  of  the 
glide  phase  (see) 

5014 

PERIOD 

p 

Glide  phase  orbital  period  (rain) 

5016-5017 

Open 

5018 

RANGE 

s 

Missile  ground  range.  Distance  along  the 
surface  of  the  earth  measured  clockwise  fren  the 
launch  vertical  to  the  local  vertical  down  range 
(ft) 

5019 

SD 

* 

s 

Time  rate  change  of  missile  down  rapge  (ft/sec) 

5020 

SC 

s 

c 

Missile  cross  ground  rage.  Distance  along 
earth  surface  from  the  launch  vertical  to  the 
local  vertical  crosswise  from  launch  azimuth  (ft) 

5021 

SCO 

• 

Sc 

Time  rate  change  of  missile  cross  range  (ft/sec) 

5022 

SA 

S 

a 

Total  missile  ground  range  st  flight  apogee  (nm) 
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5023 

FE 

SE 

Total  missile  ground  range  to  atmospheric  | 

entry  (nm) 

5024 

SF 

S- 

V 

Total  missile  ground  range  at  the  termination 
of  the  glide  phase  (nm) 

5025 

SS 

Ss 

Missile  slant  ground  range.  Distance  along 
earth  surface  from  the  launch  vertical  to  the  local 
vertical  slantwise  (ft) 

5026-5027 

Open 

5028 

H 

h 

Missile  geometric  altitude.  Distance  between 
th  e  surface  of  the  reference  body  and  the 
missile  measured  along  the  local  vertical. 

Positive  away  from  the  reference  body  (ft) 

5029 

HO 

• 

h 

Time  rate  change  of  missile  geometric  altitude. 

Rate  between  the  surface  of  the  reference  body 
and  missile  measured  along  the  local  vertical 
positive  away  from  the  reference  body  (ft/sec) 

5030 

HDD 

h 

2 

Instantaneous  altitude  acceleration  (ft/sec  ) 

5031 

KA 

H 

a 

Apogee  altitude  of  the  missile  during  the 
glide  phase  (nm) 

5032 

HP 

h 

P 

Perigee  altitude  of  the  missile  during  the 
glide  phase  (nm) 

5033 

HAP 

b 

an 

Height  of  apogee  +  peri  gee  (nm) 

5034 

HAB 

nab 

Altitude  above  iauncer  (ft) 

5035 

RC 

~c 

Instantaneous  distance  between  the  center 
c-f  the  reference  body  and  the  missile  (ft) 

5036-503? 

Open 

5038 

CXI 

8>:J. 

local  northern ly  component  of  gravity  (ft/sec^) 

5039 

SY1 

gyi 

2 

Local  eastern iy  component  of  gravity  (ft/sec  ) 

5040 

QZl 

hi 

2 

Local  downward  component  cf  gravity  (ft/sec  ) 

5041 

GXE 

7c 

rue  ’ 

Launch  centered  earth  fixed  northemly  component 
-of  gravity  (ft/sec4) 

5042 

C'*E 

v y 

launch  Centered  earth  fixed  enctcrr.ly  component 
of  gravity  (ft/sec^) 

5043 

G2S- 

Launch  centered  eaj'tn  fixed  downward  component 
of  gravity  (ft/sec^i 

5044-5045 

Open 
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5046 

VE 

V 

e 

Missile  earth  referenced  velocity  (ft/sec) 

5047 

VDE 

* 

Ve 

Time  rate  charge  of  missile  earth  reference 
velocity  (ft/sec^) 

5048 

VEK 

Vek 

Earth  fixed  velocity  at  stages  (ft/sec) 

5049 

VA 

V 

a 

Missile  velocity  with  respect  to  air  (ft/sec) 

5050 

VI 

V_ 

i 

Missile  inertial  velocity  (ft/sec) 

5051 

VIA 

Vla 

Missile  inertial  velocity  at  apogee  if 
powered  flight  ends  at  the  time  being 
printed  (ft/sec) 

5052 

VIE 

VIf 

Missile-  inertial  velocity  at  apogee  and 
impact  of  intercept,  respectively,  if 
powered  flight  and  the  atmosphere  and  at 
the  time  being  printed  (£t/sec) 

5053-5055 

Open 

5056 

VVJ 

V 

w 

Instantaneous  wind  speeds  and  time  rate 
change  respectively  (ft/sec  and  ft/sec^) 

5057 

VCW 

V 

w 

Open 

5f  3 

VAE 

VaE 

Velocity  with  respect  to  the  ambient  air 
at  entry  (ft/sec) 

5059 

VIE 

VIE 

Inertial,  velocity  at  entry  conditions  (ft/sec) 

5060 

VXXX 

Vxxx 

Command  velocity  used  in  the  TMC  command  logic. 

V  if  Fy  1,  V  if  Fy  =  4  (ft/sec^) 

ecv  ecra 

5061 

VDXXX 

V 

XXX 

Command  accelera  tisr.  used  in  the  TMC  command 
logic.  V  i  Fy  =  1,  V  if  Fy  -  2,  and 

zero  if  Fy  -  1  and  Fy  =  2  (ft/sec  ) 

5062 

VBECQ 

• 

V 

3C«J 

Constsand  acceleration  to  constrain  dynamic  2 

pressure  used  in  the  TMC  command  logic  (ft/sec  ) 

5063 

*MACH 

H 

Missile  hach  number  (dia) 

5064-5065 

Open 

506b 

CAV 

C 

a 

Speed  of  saind  a  t  the  missile  (ft/sec) 

5067 

SCATJK 

dC,/dh 

Partial  derivative  of  the  speed  of  sound 
with  altitude  (1/sec) 

5068 

PA 

P 

a 

.  2 

Ambient  pressure  at  the  missile  (lb/ ft  ) 
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5069 

DPADH 

dP  '/ih 
a 

5070 

Q 

q 

5071 

PCC 

V 

cc 

5072 

PSTAR 

P* 

5073 

PS 

P 

s 

5074 

PE 

P 

c 

5075 

EPSILS 

e 

s 

5076 

5077 

GWI 

%I 

5078 

VCI 

Vcl 

5079 

ASI 

ASI 

5080 

ATCC 

Atcc 

5081 

CF 

Si 

5082 

CFO 

CF0 

5083 

0MEGAP 

u 

p 

5084 

G?I 

8pi 

5085 

5086-5091 

AXI 

*XI 

5092 

*MASS 

m 

5093 

W 

W 

5094 

m 

3095 

WB 

WB 

Definition 


Partial  derivative  of  ambient  pressure  with 
altitude  (lb/ft  ) 

2 

Missile  dynamic  pressure  (lb/ft  ) 

Commanded  chamber  pressuregUsed  in  pintle 
motor  contrcl  logic  (Ib/in  ) 

Main  motor  nozzle  critical  pressure  used  in 
separated  flow  equations  (IbAn 

Main  motor  nee  zle  separation  pressured  used 
in  separated  flow  equations  (lfc/in'2) 

Main  motor  exit  pressure  used  in  separated 
flow  equations  (lb/i«  ) 

Main  motor  nozzle  separation  expansion  ratio 
used  in  separated  flow  equation  (dim) 

Open 

Percent  web  (dim) 

3 

Chamber  volume  (in  ) 

r> 

Burn  surface  area  (in") 

2 

Conir.andcd  throat  area  (in  ) 

Thrust  coefficient  (dim) 

Thrust  coefficient  at  optimum  expansion 
(Pe  =»  Pa)  (dim) 

Pintle  cortrol  frequency  (rad/sec) 

Fraction  of  propellant  removed  (dim) 

2 

Propellant  extinguishment  throat  area  (in  ) 
Open 

2 

Instantaneous  missile  mass  (lb-sec "/ft) 

Total  instantaneous  missile  weight  and 
total  rxponded  instantaneous  missile  flow 
respectively  (lb  and  lb/sec) 

Instantaneous  gross  vehicle  weight  minus 
the  useful  load  (lb) 


524 


FORTRAN 

Engineer '.s 

L-number 

Symbol 

Symbol 

Definitions 

5096 

WJT 

WJT 

Total  weight  jettisoned 

5*: 97 

WM 

Total  instantaneous  expended  main  weight  and 

5098 

WDM 

weight  flow  respectively  (lb  and  lb/sec) 

5099 

WC 

wc 

Total  instantaneous  expended  main  weight  and 

5100 

WDC 

wc 

weight  flow  respective!  (lb  and  lb/sec) 

5101 

WS 

w 

ws 

Stage  weight  (lb) 

31G2 

WSMAIN 

KSH 

Initial  weight  of  main  motor  (lb) 

5103 

WSCCMP 

wsc 

Initial  weight  of  complementing  motor  (lb) 

5104 

PIVM 

I” 

vM 

Vacuum  impulse  under  input  main  thrust  curve 
(lb-sec) 

5105 

PIVC 

T" 

~vC 

Vacuum  impulse  under  input  complement  any 
thrust  curve  (lb-sec) 

5106-5108 

- 

Open 

5109 

EOM 

E/m 

Total  missile  energy  per  unit  mass  during 
the  glide  phase.  Potential  energy £at  the 
launcher  is  taken  as  zero  (ft*'  sec  ) 

5110 

QAP 

Product  of  total  angle  of  attack  and  dynamic 
pressure  (lb/deg/ft2) 

5111 

INCL 

i 

Orbital  inclination  angle  (deg)  time  rate 
change  respectively 

5112 

E 

e 

Eccentricity  of  the  missile  path  during  the 
glide  phase  (dim) 

5113 

LLR 

l 

r 

Missile  travel  distance  on  the  rail  launcher 
used  in  ground  launch  tape  of  flight  (Ty=6) 

(ft) 

5114 

PHIA4 

<5  a, 
a  4 

Glide  range  angle  to  the  apogee  vertical  (deg) 

5115 

FCWD 

Ml 

Instantaneous  effective  specific  impulse  (sec) 

5116 

IBDDP 

*6p 

Sum  of  pitch  angular  thrust  vectoring  velocities 
from  stage  initiation  to  the  time  being 
printed  corrected  for  dither  (deg) 

5117 

IBDDY 

Sum  of  yaw  angular  thrust  vectoring  velocities 
from  stage  initiation  to t he  time  being 
printed  corrected  for  dither  (deg) 

5118 

5119-5121 

LV 

L 

V 

Output  ideal  velocity  vectoring  losses  (ft/scc) 

Open 
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5122 

F 

F  ‘ 

Total  instantaneous  thrust  acting  along  , 
missile  centerline.  Positive  when  thrust  U 
vector  points  forward  along  missile  centerline (lb) 

5123 

FVAC 

Fv 

Instantaneous  total  vacuum  thrust  (lb) 

5124 

FM 

Instantaneous  main  thrust  (lb) 

5125 

5126 

FMV 

FDMV 

V 

m 

Instantaneous  main  vacuum  thrust  and  thrust 
rate  respectively  (lb  and  Ib/sec) 

5127 

FC 

Fc 

Instantaneous  complementary  thrust  (lb) 

5128 

5129 

FCV 

FDCV 

lev 

Fcv 

Instantaneous  con plementarv  vacuum  thrust  and 
time  rate  respectively  (lb  and  Ib/sec) 

5130 

FCCM 

F 

com 

Commanded  altitude  thrust  used  in  TMC  logic  (lb) 

5131 

FVCGH 

F 

vcorn 

Commanded  vacuum  thrust  used  in  TMC  logic  (lb) 

5132 

FVN 

fvn 

Nominal  vacuum  thrust  used  in  TMC  logic  (lb) 

5133 

FN 

ff 

Nominal  altitude  thrust  used  in  TMC  Logic  (lb) 

5134 

FHATC 

A 

F 

c 

Thrust  required  to  maintain  Vg;  i.e.,  retarding 
axial  force  used  in  TMC  logic  (lb)  ^ 

5135 

FCQMIN 

F 

cqmin 

Require  thrust  so  that  the  vehicle  will  O 

maintain  the  minimum  dynamic  pressure  used 
in  TMC  logic  (lb) 

5136 

FCQKAX 

F 

cqnax 

Maximum  thrust  so  that  the  vehicle  will  not 
exceed  the  maximum  dynamic  pressured  used  in 

TMC  logic  (lb) 

5137 

FCALOS 

fcalos 

Command  thrust  to  provide  acceleration  proportional 
to  LOS  rated  used  in  TMC  logic  (lb) 

5138 

FCCLOS 

F 

cclos 

Command  thrust  to  provide  a  minimum  missile  to 
target  closing  rate  used  in  TMC  logic  (lb) 

5139-5140 

Open 

5141 

FX 

F 

X 

Components  of  total  vehicle  thrust  parallel 
to  the  coordinate  axes  of  the  b  system  (lb) 

5142 

FY 

F 

y 

Components  of  total  vehicle  thrust  parallel 
to  the  coordinate  axes  of  the  b  system  (lb) 

5143 

FZ 

F 

z 

Components  of  total  vehicle  thrust  parallel 
to  the  coordinate  axes  of  the  b  system  (lb) 

5144 

FXX 

Fx 

Thrust  force  along  nozzle  centerline  (lb) 
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5145 

FYY 

V 

Y 

Component  of  total  vehicle  thrust  moved 
to  nozzle  centerline;  positive  right  (lb) 

5146 

FZS 

Fz 

Component  of  total  vehicle  thrust  normal  to 
nozzle  centerline;  positive  down  (lb) 

5147 

FTDY 

FTDy 

Movable  nozzle  tail-wag-dog  force  in  yaw 
positive  to  the  right  (ib) 

5148 

FTDZ 

FTDz 

Movable  nozzle  tail-wag-dog  force  in  pitch 
positive  to  the  down  (ib) 

5149 

FJDY 

FJFy 

Jet  damping  yawing  transverse  force  (lb) 

5150 

FJDZ 

FJDz 

Jet  damping  pitching  transverse  force  (lb) 

5151-5153 

Open 

5154 

DRL 

Rail  launch  friction  drag  (lb) 

5133 

CDELZ 

C6z 

Aerodynamic  pitch  fin  axial  force  (lb) 

5156 

NDELY 

N- 

By 

Aerodynamic  yaw  fin  normal  force  (lb) 

5157 

NDELZ 

N6z 

Aerodynamic  pitch  fin  normal  force  (lb) 

5158 

NPAC 

npac 

Pitch  aerodynamic  control  normal  forcv  per 
radian  fin  deflection  angle  (lb) 

5159 

NPAD 

npad 

Pitch  aerodynamic  disturbing  normal  force  per 
radian  angle  of  attack  (lb) 

5160 

NPDA 

npda 

Total  pitch  disturbing  normal  force  per 
radian  angle  of  attack  (lb) 

5161 

NNVA 

N 

NVA 

Force  normal  to  velocity  vector  per  radian 
angle  of  attack  (lb) 

5162 

NPCD 

npcd 

Total  pitui  control  normal  force  per  radian 
deflection  angle  (Ib) 

5163 

NPEA 

npea 

Pitch  trim  normal  force  per  radian  angle 
of  attack  (lb) 

5164 

C 

c 

Instantaneous  aerodynamic  axial  lorce  (dbi) 

5165 

NY 

Instantaneous  yaw  aerodynamic  axial  normal 
forces  directed  opposite  to  the  direction 
of  the  Y^  axis 

5166 

NZ 

Nz 

Instantaneous  pitch  aerodynamic  normal  forces 
directed  opposite  to  the  direction  of  the 

Z k  -axes  (lb) 


NPY  N™  Aerodynamic  force  due  to  damping  in  yaw  (lb) 
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5168 

NPZ 

NPZ 

Aerodynamic  force  due  to  damping  and  pitch  (lb'i 

5169 

ETABA 

%a 

Acceleration  load  factor  along  velocity  vector 

(g's) 

5170 

ETABT 

V 

Acceleration  load  factor  transverse  to  the 
velocity  vector  (g's) 

5171 

ETA  BN 

Acceleration  load  factor  normal  to  the  velocity 
vector  (g's) 

5172-5174 

Open 

5175 

IXX 

IXX 

Roll  moment  of  inerti^  about  vehicle  center- 
of-gravity  (ft-lb-sec  ) 

5176 

IXY 

IXY 

Roll-yaw  product  of  inertia  about  vehicle 
center~of -ga vity  (ft-lb-sec^) 

5177 

IXZ 

1XZ 

Roll-pitch  product  of  inertia  about  vehicle 
center=  of- gravity  (ft-lb-sec^) 

5178 

Open 

5179 

5180 

IYY 

IYZ 

IYY 

hz 

Pitch  moment  of  inertia  about  vehicle  center  - 
of-gravity  (ft-lb-sec2)  / 

Yaw-pitch  product  of  inertia  about  vehicle  ^ 

center -of- gravity  (ft-lb-sec^) 

5181-5182 

Open 

5183 

IZZ 

hz 

Yaw  moment  of  inertia  about  vehicle  center- 
of ^gravity  (ft-lb-sec  ) 

5184 

IDXX 

* 

hex 

Time  rate  change  of  roll  moment  of  inertia 
(ft-lb-sec) 

5185 

IDXY 

• 

ha 

Time  rate  change  of  roll-yaw  product  of 
inertia  (ft-lb-sec) 

5186 

IDXZ 

hz 

Time  rate  change  of  roll-pitch  product  of 
inertia  (ft-lb-sec) 

5187 

Open 

5188 

IDTY 

IYY 

Time  rate  change  of  pitch  moment  of  inertia 
fft-lb-sec) 

5189 

IDYZ 

• 

hz 

Time  rate  change  of  yaw-pitch  product  of 
inertia  (ft-lb-sec) 

5190-5191 

Open  i 
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5192 

IDZZ 

• 

IZZ 

Time  rate  change  of  yaw  moment  of  inertia 
(ft-lb-sec) 

.  193 

I  PRD 

IPRD 

Pitch  inertia  rotation  damping  moment  integral 
(ft-lb-sec) 

5194 

IYRD 

^RD 

Yaw  inertia  rotation  damping  moment  integral 
(ft-lb-sc-c) 

5195 

IRRD 

XRRD 

Roll  inertia  rotation  damping  moment  integral 
(ft/sec) 

5196-5201 

Open 

5202 

MIQ 

MiQ 

Unbalanced  pitching  moment  ahout  vehicle  center* 
of-gravity  (ft-lb) 

52C3 

MIR 

mir 

Unbalanced  yaw  moment  about  vehicle  center- 
of-gravity  (ft-lb) 

5204 

MIP 

MIP 

Unbalanced  roll  moment  about  vehicle  center- 
of-gravity  (ft-lb) 

5205 

MDQ 

mdq 

Perturbing  moment  about  vehicle  center-of- 
gravity  in  pitch  (ft-lb) 

5206 

MDR 

Perturbing  moment  about  vehicle  center-of- 
gravity  in  yaw  (ft-lb) 

5207 

MDP 

MDP 

Perturbing  moment  about  vehicle  center~of- 
gravity  in  roll  (ft-lb) 

5208 

MCQ 

mcq 

Controlling  moment  about  vehicle  cert:. er-of- 
gravity  in  pitch  (ft-lb) 

52C9 

MCR 

mcr 

Controlling  moment  about  vehicle  center- of- 
gravity  in  yaw  (ft-lb) 

5210 

MCP 

mcp 

Controlling  moment  about  vehicle  center-of- 
gravity  in  roll  (ft-lb) 

5211 

MNQ 

Aerodynamic  yawing  moment  about  vehicle 
center -of -gravity  (ft-lb) 

5212 

MNR 

V 

Aerodynamic  yawing  moment  about  vehicle 
center- of- gravity  (ft-lb) 

5213 

MNP 

^P 

Aerodynamic  rolling  moment  about  vehicle 
center -of -gravity  (ft-lb) 

5214 

MFOQ 

mfoq 

Thrust  offset  pitching  moment  (ft-lb) 

5215 

MFOR 

mfor 

Thrust  offset  yawing  moment  (ft-lb) 

Thrust  offset  rolling  moment  due  to  pitch 
and  yaw  TVC  (ft -lb) 


5216 


MFOP 
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5217 

MTDQ 

^DQ 

Movable  nozzle  tall -wag-dog  moment  about  | 

vehicle  center -of -gravity  in  pitch  (ft-lb) 

5218 

Mi’DR 

^TDP. 

Movable  nozzle  tail-wag-dog  moment  about 
vehicle  center- of- gravity  in  yaw  (ft-lb) 

5219 

MFVP 

*w 

Rolling  moment  about  vehicle  center-of- 
gravity  due  to  vortexing  effect  of  axial 
gas  flow  through  the  nozzle  (ft-lb) 

5220 

MjDQ 

M 

JDQ 

Jet  damping  pitching  moment  (ft-lb) 

5221 

MJDR 

“JER 

Jet  damping  yawing  moment  (ft-lb) 

5222 

WRAP 

^AP 

Aerodynamic  rolling  moment  induced  by 
raceways  (ft'-lb) 

5223 

MFCQ 

‘VcQ 

Thrust  vector  control  pitching  moment  (ft-lb) 

5224 

MFCR 

^FCR 

Thrust  vector  control  yav;ing  moment  (ft-lb) 

5225 

MFCP 

“fcp 

Auxiliary  roll  thrust  control  moment  (ft-lb) 

5226 

MDELQ 

M6Q 

Pitching  moment  due  to  the  aerodynamic 
control  force  (ft-lb) 

Yawing  moment  due  to  the  aerodynamic  control 
force  (ft-lb) 

5227 

MDELR 

m&r 

5228 

MBELP 

M6P 

Rolling  moment  due  to  the  aerodynamic  control 
force  (ft-lb) 

5229 

MCYQ 

mcyg 

Aerodynamic  axial  force  center  -of  -gravity  offset 
yawing  moment  (ft-lb) 

5230 

MCZG 

mczg 

Aerodynamic  axial  force  center -of -gravity  offset 
pitching  moment  (ft-lb) 

5231 

KPTC 

}i?TC 

Pitch  total  thrust  control  moment  per  radian 

TVC  deflection  angle  (ft-lb) 

5332 

MNSQ 

mnsq 

Aerodynamic  static  pitching  moment  about  vehicle 
center -of -gravity  (ft-lb) 

5233 

MNSE 

^SR 

Aerodyanaic  static  yawing  moment  about  vehicle 
cent  er- of- grav ity  (ft -lb ) 

5234 

MPMC 

mpmc 

Pitch  main  thrust  control  moment  per  radial 

TVC  deflection  angle  (ft-lb) 

5235 

MNDQ 

Aerodynamic  damping  moment  about  vehicle 

center -of -gravity  in  pitch  (ft-lb)  \*J 

530 
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5236 

MNDR 

^Sjdr 

5237 

5238 

MPRR 

mprr 

5239 

MYRR 

biYRR 

5240 

MRRR 

mrrr 

5241 

MPAC 

mfac 

5242 

MYAC 

'rIYAC 

5243 

MARC 

^RAC 

52)4 

MPAD 

mpad 

5245 

M7AD 

“yAD 

5246 

MRAD 

‘’rad 

5247 

MHY 

MHy 

5248 

MHZ 

>LHz 

5249 

5250 

MPDA 

mpda 

5251 

MPCD 

mpcd 

5252-5300 

5301  . 

ALPHA 

n 

5302 

ALPHAD 

• 

't 

V? 


Definition 


Aerodynamic  damping  moment  about  vehicle  center- 
of -gravity  in  yaw  (ft-lb) 

rpen 

Pitch  inertial  rotation  reaction  moment 
used  in  the  automatic  gain  logic  (ft-lb) 

Yaw  inertial  rotation  reaction  moment  used 
in  the  automatic  altitude  gain  logic  (ft-lb) 

Roll  Rotation  reaction  moment  used  in  the 
automatic  gain  logic  (ft-lb) 

Pitch  aerodynamic  control  moment  per  radian 
angle  of  attack  (ft-lb) 

Yaw  aerodynamic  control  moment  per  radian  angle 
of  side  slip  (ft-lb) 

Roll  aerodynamic  control  moment  per  radian 
fin  deflection  angK  (ft-lb) 

Pitch  aerodynamic  disturbing  moment  per 
radian  angle  of  attack  (ft-lb) 

Yaw  aerodynamic  disturbing  moment  per  radian 
angle  of  side  slip  (ft-lb) 

Open 

Torque  about  the  yaw  fin  hinge  axis  (ft~lb) 
Torque  about  the  pitch  fin  hinge  axis  (ft-lb) 
Open 

Total  pitch  disturbing  moment  per  radian 
angle  of  attack  (ft-lb) 

Total  pitch  control  moment  per  radian 
deflection  angle  (ft-lb) 

Open 

Instantaneous  pitch  angle  of  attack. 

Positive  if  the  vehicle  centerl  ine  is  above 
the  air  velocity  vector  (deg) 

Time  rate  change  of  angle  of  attack  (deg/sec) 

Command  angle  of  attack  (deg) 


5303 


ALPHAC 


L-nuraber 

5304 

FORTRAN 

Symbol 

ALPPE 

Engineer’s 

Symbol 

°E 

Definition 

Effective  tot  mgle  of  attack  used  to 

compute  the  i.<  adynamic  normal  force  (deg) 

5305 

ALBAR 

a' 

Still  air  total  angle  of  attack  (deg) 

5306 

- 

Open 

S307 

ALPHBD 

* 

a 

Time  rate  change  of  still  wind  angle  of 
attack  (deg/sec) 

5308 

BETABD 

• 

P 

Time  rate  change  of  still  wind  angle  of 
side  slip  (deg/sec) 

5309 

APHRIM 

a’ 

Total  vehicle  angle  of  attack.  Angle  between 
the  centerline  of  the  vehicle  and  the  missile 
air  velocity  vector.  Always  positive  (deg) 

5310 

ALBAR 

a 

Still  wind  angle  cf  attack  (deg) 

5311 

ALPHAE 

°E 

Effective  pitch  angle  of  attack  used  to 
compute  the  aerodynamic  normal  force  (deg) 

5312 

ALPHAH 

a 

m 

Commanded  angle  of  attack  for  constant 
angle  of  attack  flight  (Ty~2)  (deg) 

* 

5313-5314 

Open 

o : 

5315 

BETA 

P 

Angle  of  side  slip.  Positive  if  the  vehicle 
centerline  is  left  of  the  air  velocity  vector 
when  viewed  from  the  rear  of  the  vehicle  (deg) 

1 

* 

* 

5316 

BETAD 

• 

6 

i 

S 

Time  rate  change  of  angle  of  side  slip  (deg^sec)  j 

5317 

BETAC 

6 

c 

Commanded  angle  of  side  slip  (deg) 

i 

s 

s 

s 

5318 

BET  BAR 

P 

Still  wind  angle  of  side  slip 

5319 

BTPBAR 

P' 

Still  wind  angle  of  side  slip  in  the  commanded 
coordinate  syston  used  to  evaluate  the  local 
bank  angle 

5320 

BETAE 

PE 

Effective  yaw  ang.'.e  of  side  slip  used  to 
compute  the  aerodynamic  normal  face  (deg) 

5321 

GAMi 

71 

Pitch  flight  path  angle.  Angle  between  the 
earth  referenced  velocity  vector  and  tie 
local  tangent  plane.  Positive  away  from 

Che  earth  (deg) 

5322 

GAMD1 

• 

71 

Pitch  flight  path  angular  rate.  Positive 
up  (deg/sec) 

\  i 
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5323 

GAM2 

72 

5324 

GAMB2 

• 

72 

5325 

5326 

GAM2IA 

r2Ia 

5327 

GAM1E 

71E 

5328 

GAM1IE 

71IE 

5329 

GAM2IE 

72IE 

5330 

GAMII 

71I 

5331 

GAM2I 

72I 

5332 

GAM1TF 

7llf 

5333 

GAM2IF 

72If 

5334 

GAMMAR 

7R 

5335 

GAMMAS 

7  G 

5336 

GAMM 

7K 

Definition 


Azimuthal  flight  path  angle.  Angle  between 
the  horizontal  projection  o t  the  earth  reference 
velocity  vector  and  the  local  north.  Positive 
clockwise  from  north  (deg) 

Azimuthal  flight  path  angular  rate  (deg/sec) 

Open 

Inertial  azimuth  flight  path  angle  at 
apogee  (deg  ) 

Pitch  flight  path  angle  with  respect  to  the 
ambient  air  at  entry  conditions  (deg) 

Entry  conditions  inertial  pitch  flight  path 
angles,  if  powered  flight  and  the  atmospheric 
end  at  the  time  being  printed  (deg) 

Entry  conditions  inertial  yaw  flight  path 
azimuth  angle,  if  powered  flight  and  the 
atmosphere  end  at  the  time  being  printed 
(deg) 

Inertial  pitch  flight  path  angle.  Angle 
between  the  inertial  velocity  vector  and 
the  local  tangent  plane.  Positive  away 
from  the  earth  (deg) 

Inertial  azimuth  flight  path  angle.  Angle 
between  local  north  clockwise  to  the 
projection  of  the  inertial  velocity  vector 
on  the  local  tangent  plane  (deg) 

Impact  or  intercept  inertial  pitch  flight 
path  angle,  if  powered  flight  and  the 
atmosphere  end  at  the  time  being  printed 
(deg) 

Impact  or  intercept  inertial  yaw  flight  path 
azimuthal  angle,  if  powered  flight  and  the 
atmosphere  end  at  the  time  being  printed 
(deg) 

Output  required  velocity  flight  path  angle 
at  the  missile  instantaneous  position  (dog) 

Calculated  local  angle  of  velocity  to  be 
gained  (deg) 

Relative  azimuthal  velocity  vector  angle  in 
missile-target  coordinates 


5337 


GAHBM 


Relative  azimuthal  velocity  vector  angular 
rate  in  missile-target  coordinates 
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L -number  Symbol  Symbol 

5338  DELHI  E> 


5339 

DELPC 

SPc 

5340 

DELYC 

*Yc 

5341 

DELRC 

6Rc 

_ 

5342 

DELBRP 

5343 

DELBRY 

5344 

DELTHB 

0 

5345 

DELPSB 

5346 

DELPHB 

5347 

DELAK 

Aak 

5348 

DELBK 

^k 

5349 

DELAP 

A' 

a 

5350 

DELBP 

5351 

DE1MT 

ha 

5352 

DELDMT 

• 

ha 

5353 

EPSILN 

€ 

5354 

EPSBAR 

€ 

5355 

EPSKI 

f"Ml 

5356 

EPSMT 

Sir 

5357 

EPSEMT 

• 

Srr 

Definition 

Azimuth  flight  path  error  to  intercept. 

Used  in  type  10  flight  (deg) 

Pitch  plane  thrust  deflection  commands  (deg) 

Yaw  plane  thrust  deflection  consnands  (deg) 

•jommanded  roll  control  fin  deflection 
angle  (deg) 

Modiiied  pitch  thrust  deflection  angle  to 
include  limit  cycle  and  misalignment  angle 
(deg) 

Modified  yaw  thrust  deflection  angle  to 
include  limit  cycle  and  misalignment  angles 
(deg) 

Vehicle  pitch  attitude  error  angle  (deg) 

Vehicle  yaw  attitude  error  angle  (deg) 

Vehicle  roll  attitude  error  angle  (deg) 

Pitch  flare  in  emstant  used  in  evaluation 
A^  for  restart  (deg) 

Flare-in  constant  used  in  evaluating 
for  restart  (deg) 

Pitch  flare-in  angle  (deg ) 

Yaw  flare-in  angle  (deg) 

Seekc  -aw  look  angle  (deg) 

Seeker  yaw  look  angular  rate  (deg/sec) 

Total  angle  of  attack  roll  orientation  angle. 
Angle  between  total  angle  of  attack  plane 
and  yaw  axis.  Measured  counterclockwise  (deg) 

No-wind  total  angle  of  attack  roll 
orientation  angle  (deg) 

Flight  path  error  to  estinwfc  ed  intercept  (deg) 
Seeker  pitch  look  angle  (deg) 

Seeker  pitch  look  angular  rate  (Ueg/3ec) 
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5358 

ZETA 

i 

Cross  range  angle.  Angle  between  local  vertical 
and  vertical  on  firing  azimuth  down  range 
location.  Positive  if  positive  is  left  of 
firing  azimuth  (deg) 

5359 

ZETAD 

t 

Cross  range  angular  rate  (deg/sec) 

5360 

LAMMT 

\v£ 

Angle  of  missile  to  target  line  projection 
on  horizontal  and  firing  azimuth  (deg) 

5361 

LAMDMT 

\rr 

Angular  rate  of  missile  to  target  line 
projection  or  horizontal  and  firing  azimuth 
(deg/ sec) 

5362 

MU 

u 

Instantaneous  vehicle  longitude.  Value  is 
positive  or  negative  west  or  east  of  Greenwich, 
England,  respectively  (deg) 

5363 

MU? 

Instantaneous  vehicle  change  of  longitude 
from  launch  longitude.  Value  is  positive 
east  (deg) 

5364 

MUPD 

• 

n* 

Vehicle  longitude  time  rate  change  (deg/sc-c) 

5365 

MUA 

Vehicle  apogee  longitude  if  powered  flight 
and  the  atmoshpere  end  at  the  time  being 
printed  (deg) 

5366 

MUF 

Uf 

Missile  impact  or  intercept  longitude  if 
power  ed  £1  ight  and  the  atmosphere  end  at 
the  time  being  printed  (deg) 

5367 

RHO 

9 

Instantaneous  vehicle  latitude  positive  north 
of  the  equation  -903  S  o  S  90° 

5368 

RHOD 

P 

Vehicle  latitude  time  rate  change  (deg/sec) 

5363 

RUOA 

pa 

Vehicle  apogee  latitude  if  powered  flight 
and  the  atmosphere  end  at  the  time  being 
printed  (deg) 

537C 

fi:of 

Pr 

£ 

Missile  irapacc  or  intercept  latitude  if 
powered  flight  and  the  atmesphere  end  at 
the  time  being  printed  (deg) 

5371 

SIGHT 

Sit 

Angle  of  missile  to  target  line  and  local 
horizatonal  (deg) 

5372 

SIGDMT 

Sst 

Angular  rate  of  missile  to  target  line  and 
local  horizontal 

5373 

SIGHT 

°Ml 

Local  flight  path  angle  to  estimated  target, 

.•  .  /J.  % 

■m 

8? 

13 

'■  1 

■* 

.9 

5 

J 

I 

* 

-Ng' 

W 

-,T* 
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gg 

'A 

-Mg 

■M 

1j 

- 

-H 

<£ 
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-M 
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53?^ 

ursMi 

fft  . 

"Ml 

Azimuthal  angle  to  target  intercept  (deg)  ~i 

W 

5375 

PHI 

$ 

Instantaneous  down  range  angle.  Angle  between 
the  launch  vertical  and  tie  local  vertical  on 

the  down  range  azimuth  point.  Positive  as 
shown  in  Figure  1.1,  »  <  <  co  (deg) 

5376 

PHIL 

* 

Instancane-»v£  range  angular  rate.  Positive 
dwn  range  (deg/sec) 

5377 

Open 

5378 

PHIA 

a 

Glide  range  angle  to  the  apogee  vertical  (deg) 

5379 

FHIS 

0 

e 

Instantaneous  -ant  range  angle.  Angle  between 

the  launch  vertical  and  the  local  vertical 
(deg) 

5380 

8CRPHI 

Local  bank  angle  (deg) 

5381 

PHIF 

Glide  range  angle  to  glide  phase  teunination 
vertical  used  in  Keperian  impact  predictions 
(deg) 

5382 

PSI 

Vehicle  azimuth  in  the  launch  horizontal 
plane  (deg) 

5383 

PSIW 

w 

Instantaneous  wind  azimuth  angles,  measured 

in  a  plane  parallel  Co  the  local  tangent 
plane-  where  j  ~  1,  2.  . ..,  30.  Angle 
measured  clockwise  from  north  to  the  direction 
from  which  the  uind  is  coming  (deg) 


5384-5400 

Open 

5401 

QM 

Instantaneous 

(deg/sec) 

desired  pitch  curning  rate 

5402 

RM 

Rm 

Instantaneous 

desired  yaw  turning  rate  (deg/sec) 

5403 

PM 

Pm 

Instantaneous 

(ieg/sec) 

desired  roll  turning  rate 

5404-5430 

Open 

5431 

DELS 

*8 

Calculated  earth  surface  down  range  difference 
of  the  target  and  missile  (ft) 

5432 


DELSJ 


Calculated  time  rate  change  of  the  earth 
surface  down  range  difference  of  the  target 
antimissile  (ft/sec) 
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5433 

DELSC 

AS 

c 

Calculated  earth  surface  cross  range 
difference  of  the  target  and  missile  (f*-! 

5434 

DELSDC 

AS 

c 

Calculated  time  rate  change  of  the  earth 
surface  cross  range  difference  c£  the 
target  and  missile  (ft /sec) 

5435 

BELH 

Calculated  alcitude  difference  of  the  target 
and  missile  {ft) 

5436 

DELHD 

• 

Calculated  time  rate  change  of  the  altitude 
difference  of  the  target  and  missile  (ft/sec) 

5437 

RMT 

PriT 

Missile  to  target  range  distance  (ft) 

5438 

EBMT 

**MT 

Time  rate  change  of  missile  to  target 
distance  (ft/sec) 

5435 

tmi 

CMI 

Estimated  time  to  intercept  (ft) 

5440 

RMI 

*ki 

Estimated  range  to  target  intercept  (ft) 

5441 

SMI 

SMI 

Estimated  earth  surface  down  range  at  target 
intercept  (ft) 

5442 

HMI 

^11 

Estimated  altitude  at  target  intercept  (ft) 

5443 

sail 

sa;i 

Estimated  earth  surface  cross  range  at  •  >rget 
intercept  (ft) 

5444 

ATT 

®TT 

Target  tangential  acceleration  (g’s) 

5445 

ATN 

Target  normal  to  its  velocity  vector 
acceleration  (g*s) 

5446 

ATC 

aTC 

Target  transverse  acceleration  (g’s) 

5447-5448 

Open 

5449 

FD 

fd 

Instantaneous  roll  control  system  phase 
plane  signal  (deg) 

5450 

KS 

Ks 

Pressure  error  gain  used  in  pintle  area 
control  low  in  the  TMC  (in  vic-sec) 

5451 

K? 

KP 

Pressure  rate  gain  used  in  pintle  area  cavtrol 
low  in  the  TMC  (sec) 

5452 

KCV 

Kcv 

Commanded  thrust  velocity  error  gain  used 
in  TMC  (lb-sec/ft) 

5453 

KCQ 

Kcq 

Commanded  thrust  dynamic  pressure  error 
gain  used  in  TMC  (ft^) 
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5454 

KXXX 

KXXX 

Commanded  thrust  system  gain.  Set  equal  to  \_J 

kcpr  if  Fy=3  and  kalos  if  Fy“6  (diE) 

5455 

GZ 

GZ 

Partial  derivatives  of  altitude  acceleration 
to  vehicle  altitude  (ft/sec2»*deg) 

5456 

KZ 

Kz 

Altitude  error  gain  useci  in  type  3  flight 
(deg/ft) 

5457 

■  KZD 

Kz 

Altitude  rate  gain  used  in  type  8  flight 
(deg-sec/ft) 

5458 

KZDD 

•• 

Kz 

Altitude  acceleration  gain  used  in  type  8  flight 
(deg*sec2/ft) 

5459 

KTHDD 

Command  attitude  pitch  attitude  angular 
accleration  gain  used  in  type  of  flight  8 
and  9  (sec2) 

5460 

KPSDD 

Command  attitude,  yaw  attitude  angular 
acceleration  gain  used  in  type  of  flight  8 
and  9  (sec2) 

5461 

KDP 

kdp 

Instantaneous  control  system  pitch  attitude 
error  gain  (dim) 

£~\ 

5462 

KDY 

^DY 

Instantaneous  control  system  yaw  attitude 
error  gain  (dim) 

5463 

KDR 

Instantaneous  control  system  roll  attitude 
error  gain  (dim) 

5464 

KIP 

KIP 

Instantaneous  control  system  angle  of  attack 
gain  (dim) 

5465 

KIY 

KlY 

Instantaneous  control  system  angle  of 
side  flip  gain  (dim) 

5466 

KIR 

kIr 

Roll  control  attitude  bias  gain  (l/sec) 

5467 

KRP 

*RP 

Instantaneous  control  system  pitch  rate 
gain  (sec) 

5468 

KRY 

KrY 

Instantaneous  control  system  yaw  rats  gain 
(sec) 

5469 

KKR 

Krr 

Instantaneous  control  system  roll  rate  gain 
(sec) 

5470-5490 

Open 

538 


L-number 

FORTRAN 

Symbol 

Engineer’s 

Symbol 

Definition 

5491 

5492 

5493 

5494 

5495 

HAXVAL(l) 
MAXVAL(2) 
MAXVAL(3) 
MAXVAL  (4  ) 
MAXVAL(5) 

°mxl 

°mx2 

amx3 

°mx4 

°mx5 

Values  which  are  designated  by  input,  as 
quantity  whose  maximum  value  is  to  be 
printed  following  each  stage  time  (dbi) 

5496 

5497 

5498 

5499 

5500 

STGVAL(l) 

STGVAL(2) 

STGVAL(3) 

STGVAL(4) 

STGVAL(5) 

°BXl 

C3X2 

°BX3 

°BX4 

BX5 

Values  which  are  designated  by  input,  at 
staging  which  are  available  to  the  hunting 
procedure  (dbi) 

5501-5503 

Opj  n 

5504 

AXB 

aXb 

Componenc  of  vehicle  acceleration  due  to  total 
thrust  and  aerodynamic  forces.  Postitive 
in  the  direction  ct  the  coordinate  axes  of  b 
system  (g's) 

5505 

AYB 

aYb 

Component  of  vehicle  acceleration  due  to 
total  thrust  and  aerodynair-ic  forces.  Positive 
in  the  direction  of  the  coordinate  Y  axes  of 
the  b  system  (g‘s) 

5506 

AZB 

aZb 

Components  of  vehicle  acceleration  due  to 
total  thrust  and  aerodynamic  forces.  Positive 
in  direction  of  the  coordinate  Z  axes  of  b 
system  (g’s) 

5507 

XDAB8 

*abb 

X  component  of  missile  velocity  with  respect 
to  the  ambient  air  in  the  b  system  (ft/sec) 

5508 

YDABB 

*abb 

Y  component  of  the  missile  velocity  with 
respect  to  the  ambient  air  in  the  b  system 
(ft/sec) 

5509 

2DABB 

^abb 

z  component  of  missile  velocity  with  respect 
to  the  ambient  air  it.  the  b  system  (ft/sec) 

5510 

XDDZBB 

•  • 

^abb 

x  component  of  missile  acceleration  with 
respect  to  ambient  air  in  the  L  system 
(f  t/sec2) 

5511 

YDDABB 

*abb 

y  component  of  missile  acceleration  with  respect 
to  the  ambient  air  in  the  b  system  (ft/sec^) 

5512 

ZDDABB 

z  component  of  missile  acceleration  with 
respect  to  the  ambient  air  in  the  b  system 
(ft/sec^) 

5513 

XCC 

X 

cc 

Earth  centered  missile  position  northern 
axis  component  (ft) 

5514 


YCC 


Earth  centered  missile  position  east  from 
launcher  (ft) 


L-number 

FORTRAN 

Symbol 

Engineer’s 

Symbol 

Definition 

5515 

zee 

Z 

cc 

Earth  centered  missile  position  away  from 
earth  axis  at  launcher  longitude  (ft) 

5516 

XDCC 

• 

X 

cc 

Northern  component  of  missile  velocity  in 
earth  centered  coordinates  (ft/sec) 

5517 

YDCC 

Y 

cc 

East  from  launcher  component  of  missile 
ilocity  in  earth  centered  coordinate  (ft/sec) 

5518 

ZDCC 

• 

It 

CC 

Away  from  launcher  longitude  component  of 
missile  velocity  in  earth  centered  coordinates 
(ft/see) 

5519. 

XDDCC 

•• 

X 

cc 

Northern  component  of  missile  acceleration 
in  earth  centered  coordinates  (ft/sec^) 

5520 

YDDCC 

Y 

cc 

East  from  launcher  component  of  missile 
acceleration  in  earth  centered  coordinates 
(ft/sec^) 

5521 

ZDDCC 

«• 

Z 

cc 

Away  from  launcher  longitude  component  of 
missile  acceleration  in  earth  centered 
coordinates  (ft/sec2) 

5522 

XGG 

X 

gg 

Instantaneous  component  of  vehicle  position  in 
the  generalized  coordinates  down  range  f"' 

from  launcher  (ft)  *• 

5523 

YGG 

Y 

gg 

Instantaneous  component  of  vehicle  position 
in  the  generalized  coordinates  cross  range 
from  launcher  (ft) 

5524 

ZGG 

Z 

gg 

Instantaneous  component  of  vehicle  positive 
vertical  from  launcher  (ft.) 

5525 

XDGG 

• 

X 

gg 

Instantaneous  component  of  vehicle  velocity 
in  the  generalized  coordinates  down  range 
from  launcher  (ft/sec) 

5526 

YDGG 

• 

Y 

gg 

Instantaneous  component  of  vehicle  velocity 
in  the  generalized  coordinates  crosswise 
from  launcher  (ft/sec) 

5527 

ZDGG 

Z 

gg 

Instantaneous  component  of  vehicle  velocity 
in  the  generalized  coordinates  vertical  from 
launcher  (ft/sec) 

5528 

XDDGG 

•• 

X 

gg 

Instantaneous  component  of  vehicle  acceleration 
in  the  generalized  coordinates  down  range 
from  launcher  (ft/sec^) 

5529 

YDDGG 

*• 

Y 

gg 

Instantaneous  component  of  vehicle  acceleratiol  ) 
in  the  generalized  coordinates  crosswise 
from  launcher  (ft/sec^) 

540 


L-number 


FORTRAN  Engineer’s 


Definition 


5530 

2DDGG 

•• 

^gs 

Instantaneous  component  of  vehicle  acceleration 
in  the  generalized  coordinates  vertical  from 
launcher  (ft/sec) 

5531 

XDW11 

Xwll 

Local  northemly  component  of  wind  velocity 
(ft/ sec) 

5532 

YDW11 

\ll 

Local  easternly  component  of  wind  velocity 
(ft/sec) 

5533 

ZDW11 

r-4 

r-4 

Local  downward  component  of  wind  velocity 
(ft/sec) 

5534 

XDDW11 

Xwll 

Local  time  rate  change  of  northern  component 
of  wind  velocity  (ft/sec^) 

5535 

YDDW11 

Local  time  rate  change  of  easternly  component 
of  wind  velocity  (ft/sec^) 

5536 

ZDDWll 

zwll 

Local  time  rate  change  of  downward  component 
of  wind  velocity  (ft/sec?-) 

5537 

XDBB 

*bb 

Inertial  component  of  missile  velocity  along 
x^  axis  (ft/sec) 

5538 

~'BB 

ib 

Inertial  component  of  missile  velocity  along 
yb  axis  (ft./sec) 

5539 

ZDBB 

ib 

Inertial  component  of  missile  velocity  along 
z ,  axis  (ft /sec) 

D 

5540 

XDDBB 

Missile  acceleration  along  vehicle  body  axis, 
position  f orward  (ft/sec2) 

5541 

YDDBB 

%  * 

Yb 

Inertial  component  of  missile  acceleration 
yb  axes  (ft/sec^) 

5542 

ZDDBB 

zb 

Inertial  components  of  missile  acceleration 
along  axis  (ft/sec^) 

5543 

XD11 

hi 

Local  northerr.ly  conponenr.  of  missile  velocity 
(ft/soi.) 

5544 

YDi. 

• 

V 

-11 

Local  easternly  component  of  missile  vclocitv 
(ft/sec) 

5545 

ZD11 

Z11 

Local  downward  component  of  missile  velocity 
(st/sec) 

5546 

XDDli 

*11 

Local  northemly  component  of  missile 
acceleration  (ft/sec  ) 

5547 

YDD11 

*11 

Local  easternly  component  of  missile 

541 


FORTRAN 

Engineer 

L-number 

Symbol 

Symbol 

5548 

2DD11 

•• 

Z11 

5549 

XDWEE 

• 

X 

wee 

5550 

YDWEE 

« 

Y 

wee 

5551 

ZWZE 

• 

Zwee 

5552 

XD11I 

*111 

5553 

YD11I 

*111 

5554 

ZD11I 

zm 

5555-5563 

5564 

CLZ 

CLZ 

5565 

CiZ 

Clz 

5566 

CDZ 

CDz 

5567 

KLZ 

\z 

5568 

UCZ 

Ucz 

5569 

CN 

CN 

5570 

CN1 

CN. 

CN* 

5571 

CN2 

5572 

CN3 

CN3 

5573 

CA 

CA 

5574 

CBN 

CBN 

Definition 


Local  downward 
(ft/sec^) 


component  of  rnissi  le  acceleration 


J 


Transformed  launcher  northern ly  component  of 
wind  velocity  at  missile  location  (ft/s ee) 

Transformed  launcher  easternly  component  of 
wind  velocity  at  missile  location  (ft/sec) 

Transformed  launcher  downward  component  of 
wind  velocity  at  missile  location  (ft/sec) 

Local  northernly  component  of  missile  inertial 
velocity  (ft/sec) 


Local  eascemly  component  of  missile  inertial 
velocity  (ft/sec) 

Local  downward  component  of  missile  inertial 
velocity  (ft/sec) 


Open 

Instantaneous  aerodynamic  pitch  movable  fins 
linear  fin  lift  coefficient  (l/deg^) 

%  l 

Instantaneous  aerodynamic  pitch  movable  fin  kJ' 
nonlinear  fin  lift  coefficient  (l/deg^) 

Instantaneous  aerodynamic  pitch  movable  fin 
drag  coefficient  (dim) 

Instantaneous  aerodynamic  pitch  movable  fin 
drag  due  to  lift  factor  (dim) 

Pitch  aerodynamic  control  fin  center  of 
pressure  ratio  relative  to  the  root  chord  (dim) 

Instantaneous  aerodynamic  normal  force 
coefficient  (dim) 

Instantaneous  first,  second,  and  third 
derivatives,  respectively,  of  with 
resnget  to  the  angle  of  attack,  (/deg, 

/deg“,  /deg  ,  respectively) 

Instantaneous  aerodynamic  axial  force 
coefficient 


Added  aerodynamic  base  drag  coefficient 
due  to  nozzles-  not  thrusting  (dim) 


542 


L~number 

FORTRAN 

Symbol 

Engineer's 

Symbol 

Definition 

5575 

CMQ 

SlQ 

Calculated  and  unadjusted  for  translation 
aerodynamic  pitch  damping  moment  due  to 
pitch  rate  coefficient  (i/deg) 

5576 

CHAD 

°Ma 

Calculated  and  unadjusted  for  translation 
aerodynamic  pitch  damping  moment  due  to 
rate  charge  of  angle  of  attack  coefficient 
(/deg) 

5577 

CHLY 

ci-y 

Instantaneous  aerodynamic  yaw  movable  fin 
total  lift  coefficient  (dim) 

5578 

CHLZ 

°Lz 

Instantaneous  aerodynamic  pitch  movable  fin 
cotal  lift  coefficient  (dim) 

5579 

CHDZ 

Sc 

Instantaneous  aerodynamic  pitch  movable  fin 
total  drag  coefficient  (dim) 

5580-5582 

Open 

5583 

XCP 

Xcp 

Input  and  instantaneous  (with  Mach  number  M) 
aerodynamic  normal  force  center  of  pressure 
body  station  numbers,  respectively,  where 
j  =  1,  2,  ...,  15  per  stage  (ft  and  dbi, 
respectively) 

5584 

XCG 

Xcg 

Instantaneous  center  of  gravity  body  station 
numbers  (ft) 

5585 

YCC- 

ycg 

Center  of  gravity  offset  bias  distance 
positive  in  the  direction  (ft) 

5586 

ZCG 

z 

eg 

Center  of  gravity  offset  bias  distance 
positive  down  (dbi) 

5587 

XPF 

X  c 

Computed  stage  forward  end  of  propellant 
grain  body  station  (ft) 

5588 

XPA 

XPa 

Computed  stage  aft  end  propellant  grain 
hody  station  (ft) 

5589 

YE 

ye 

Thrust  gimbal  yaw  point  eccentricity  position 
in  the  Y^  axis  direction  (ft) 

5590 

ZE 

z 

0 

Thrust  gimbal  pitch  point  position  in  the  Z^ 
axis  direction  (ft)  J 

5591-5592 

Open 

I 

c 


5593 


LE 


Open 

Gimbal  point  to  vehicle  center  of  gravity 
distance  (ft) 


L-number 

FORTRAN 

Symbol 

Engineer’s 

Symbol 

Definition 

5594 

LEE 

!e 

Nozzle  exit  to  center  of  gravity  distance 
(ft) 

5595 

LN 

1 

n 

Movable  portior.  of  the  nozzle  center  of 
gravity  to  gimbal  point  distance  (ft) 

5596 

LCP 

1 

cp 

Vehicle  center  of  gravity  to  aerodynamic 
canter  of  pressure  distance  (ft) 

5597 

LNN 

lN 

Vehicle  center  of  gravity  to  stop-start 
motor  thrust  point  distance  (ft) 

5593 

I,PF 

lPf 

Forward  end  of  propellang  grain  to  center 
of  gravity  distance  (ft) 

5599 

LPA 

2Pa 

Aft  end  of  propellant  grain  to  center  of 
gravity  distance  (ft) 

5600 

LDELY 

% 

Yaw  movaole  control  fin  center  of  pressure 
to  vehicle  center  of  gravity  lever  arm  (ft) 

5601 

LPELZ 

hz 

Pitch  movable  control  fin  center  of  pressure 
to  vehicle  center  of  gravity  lever  arm  (ft) 

5602 

LHZ 

\z 

Pitch  movable  control  fin  center  of  pressure 
to  hinge  axis  lever  arm  (ft) 

5603-5700 

: 

Open 

5701 

XDEE 

*ee 

Inc  tartaneous  components  of  vehicle 
no-th  •'  the  launcher  (ft/sec) 

5703 

YDEE 

• 

Y 

ee 

in* cantanrous  components  of  vehicle  velocity, 
eas'  :  t.ie  launcher  (ft/sec) 

5703 

ZDEE 

* 

Z 

ee 

Instantaneous  component  of  vehicle  velocity, 
negative  up  from  sea  level  launcher  latitude 
(ft/sec) 

5704 

ZEE 

Xee 

Instantaneous  component  of  vehicle  position 
north  of  launcher  (ft) 

5705 

YEE 

Yee 

Instantaneous  component  of  vehicle  position 
east  of  launcher  (ft) 

5706 

• 

ZEE 

Zee 

Instantaneous  component  of  vehicle  position 
negative  up  from  sea  level  launcher  latitude 
(ft) 

5707 

QB 

Qb 

Instantaneous  vehicle  angular  pitch  velocity. 
Pitch  up  is  positive  (deg/sec) 

5703 

RB 

*b 

Instantaneous  vehicle  angular  yaw  velocity. 
Yaw  right  is  positive  (deg/sec) 

544 


,0»b 


L-nuraber 

FORTRAN 

Svrabol 

Engineer's 

Symbol 

Definition 

5709 

PB 

Pb 

Instantaneous  vehicle  angular  roll  velocity.  Roll 
Clockwise  is  positive  (deg /sec) 

5710 

THETAB 

9b 

Achieved  missile  Euler  angle  pitch  attitude 
(deg) 

5711 

PSIB 

Achieved  missile  Euler  angle  yaw  attitude 
(deg) 

5712 

PHIB 

% 

Achieved  missile  Euler  angle  roll  attitude 
(deg) 

5713 

DELDF 

• 

6 

P 

Pitch  thrust  deflection  angular  rate  positive 
up  (deg/sec) 

5714 

DELDY 

^Y 

Yaw  thrust  deflection  agular  rate,  positive 
left  (deg/sec) 

5715 

DELBR 

*R 

Aerodynamic  roll  fins  deflection  angular 
rat«.  (deg /sec) 

5716 

DELP 

5 

P 

Pitch  thrust  deflection  angle.  Positive  up 
(deg) 

5717 

DELY 

o 

y 

Yaw  thrust  deflection  angle.  Positive  left 
(deg) 

5718 

DELR 

°R 

Aerodynamic  roll  fins  deflection  angle  (deg) 

5719 

FR 

fr 

Instantaneous  roll  control  thrust.  Positive 
if  the  vehicle  is  intended  to  rotate  clockwise 
as  seen  from  the  rear  of  the  vehicle  (lb) 

5720 

WR 

WR 

Instantaneous  expended  weight  due  to  roll 
control  motor  operation  (lb) 

5721 

FRC 

fr= 

Instantaneous  roll  control  system  thrust 
command  signal  (lb) 

5722 

THETAM 

0 

m 

Desired  missile  attitude  Euler  angle  relating 
the  m  and  i  system  (deg) 

5723 

PSIM 

ff 

m 

Desired  missile  attitude  Euler  angle  relating 
the  m  and  i  systans  (deg) 

5724 

PHIM 

m 

Desired  missiie  attitude  Euler  ingle  relating 
the  m  and  i  systems  (deg) 

5725 

VT 

VT 

Target  tangential  velocity  (it/sec) 

5726 

VN 

VN 

Target  normal  velocity  (ft/sec) 

5727 

VC 

vc 

Target  transverse  velocity  (ft/sec) 

L-number 

FORTRAN 

Symbol 

Engineer's 

Symbol 

5728 

GAMT 

7t 

5729 

ZETAT 

5730 

HT 

hT 

5731 

ST 

ST 

5732 

3TC 

STC 

5733 

DB 

Db 

5734 

PC 

? 

c 

Definition 

Target  pitch  flight  path  angle  (deg) 
Target  azimuthal  flight  path  angle  (deg) 
Target  altitude  (ft) 

Target  down  range  (ft) 

Target  cross  range  (ft) 

Propellant  burn  depth.  Used  in  TMC  logic 
(in) 

Main  motor  chamber  pressure  used  in 
separuted  flow  equation  (lb/in^) 


5735  AT  At 


Pintle  nozzle  throat  area.  Used  in  TMC 
logic  (,;:'2) 


5736  WPR  Wpr 


Weight  of  propellant  removed.  Used  in  TMC 
logic  (lb) 


5737 

IMP 

I 

5738 

IV 

xv 

5739 

IP 

Total  missile  impulse  and  vacuum  impulse, 
respectively,  measured  from  stage 
initiation  to  the  time  being  printed  (lb-sec) 

Pitch  control  thrust  impulse  from  stage 
initiation  to  the  time  being  printed  (lb-sec) 


5740 

IY 

*Y 

5741 

IDELD? 

’•OP 

5742 

IDELDY 

XfcY 

5743 

LF 

Lp 

5744 

PELTAV 

Yaw  control  thrust  impulse  from  stage 
initiation  to  the  time  being  printed  (lb-sec) 

Sum  of  pitch  angular  thrust  vectoring 
velocities  from  stage  initiation  to  the  time 
being  printed  (deg) 

Sum  of  yaw  .angular  thrust  vectoring  velocities 
from  stage  initiation  to  the  time  being 
printed  (dec) 

Output  total  velocity  loss  due  to  back  pressure  from 
stage  initiation  to  time  being  printed  (lb~sec) 

Ideal  missile  velocity  resulting  from 
achieved  thrust  (ft/sec) 


57A5  IR  I? 


Auxiliary  roll  control  system  delivered 
total  impulse  (lb-sec) 


5746 


LD 


’D 


KE 


H 


Drag  velocity  loss  from  stage  ignition 
(ft/sec) 


5747 


546 


Heating  parameter.  Integral  of  qv  from  gc 
initiation  to  Che  time  being  print  ,d  (Ib;ft) 


FORTRAN 

L -lumber  Symbol 


Engineer'  c 


Defin  ition 

Gravity  losses,  from  trajectory  initiatfot 
to  the  time  being  printed  (ft /sec) 


5749-5750 

Open 

5751 

XDDEE 

•• 

Xee 

Instantaneous  northemly  component  of  o 
vehicle  acceleration  at  launcher  (ft/sec“) 

5752 

YDDEE 

•  • 

Y 

ee 

Instantaneous  easternly  component  of 
vehicle  acceleration  at  launcher  (ft/ccc  ) 

5753 

ZDDEE 

«• 

Z 

ee 

Instantaneous  downward  component  of  vehicle 
acceleration  at  launcher  (ft/sec2) 

5754-5756 

Open 

5757 

QDB 

Qb 

Instantaneous  vehicle  angular  pitch 
acceleration.  Pitch  up  positive  (deg/sec  ) 

5758 

RD8 

*b 

Instantaneous  vehicle  angular  yaw 
acceleration.  Yaw  right  positive  (deg/sec  ) 

5759 

PDB 

^b 

Instantaneous  vehicle  angular  roll 
acceleration,  roll  clockwise  positive  (deg/sec-) 

5760 

THETDB 

*b 

Achieved  vehicle  Euler  angle  pitch  rate 
(deg/sec) 

576?. 

PSIDB 

* 

•)» 

Jb 

Achieved  vehicle  Euler  angle  yaw  rate  (deg/sec) 

5762 

PHIBB 

• 

% 

Achieved  vehicle  Euler  angle-  roll  rate  (deg/sec) 

576? 

DELDDP 

6 

P 

Pitch  thrust  deflecticn  angular  acceleration 
angle  positive  up  tcitg/sec7') 

5764 

DELDDY 

•• 

Z 

y 

Yaw  thrust  deflection  angular  acceleration 
angle  positive  left  -(deg/sec2) 

5765-5768 

Open 

5769 

FDR 

Time  rate  change  of  roll  control  thrust 
(lb/sec) 

5770 

WDR 

«R 

Roll  control  system  mass  flowrate  (Ib/sec) 

5771 

Open 

5772 

THETDM 

« 

0 

m 

Desired  vehicle  pitch  Euler  angular  rate 
(deg/scc) 

5773 

PSJ.DM 

« 

r. 

m 

Desired  vehicle  yaw  Euler  angular  rate 
(deg /sec) 

5774 

PHIDM 

Desired  vehicle  roll  Euler  angular  rate  (deg/sec) 

547 
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VTD 

Target  tangential  acceleration  (ft/sec) 

VND 

Target  normal  acceleration  {ft/sec) 

VCD 

% 

Target  transverse  acceleration  (ft/sec) 

GAMMTD 

rT 

Target  pitch  flight  path  angular 
rate  (deg/sec) 

ZETATD 

cT 

Target  azimuthal  path  angular 
rate  (deg/sec) 

HTD 

i-x 

Target  altitude  rate  (ft/sec) 

STD 

Target  down  range  rate  {ft/ sec, 

STCD 

STC 

Target  cross  range  rate  (ft/sec) 

RBS 

rb 

Propellant  burn  rate  (in.  /sec) 

G 


FORTRAN 

Engineer's 

~-1m 

L-nu  iber 

Symbol 

Symbol 

Definicion 

IS 

5784 

PDC 

• 

Pc 

Time  rate  change  of  chamber  pressure 

(lb/  ln--scc) 

:?5 

5785 

AM 

• 

Time  rate  change  of  pintle  throat  area 

jg 

t 

(m^-sec  ) 

TP 

5786 

WDMT 

• 

w 

MT 

Mass  flow  rate  of  gases  three  pintle  nozzle 

throat  (ib/sec) 

dj 

5787-5800 

Open 

1 

G 

5801»5840 

BLOCK (1)- 

(40) 

Begin  reserved  for  coding  output  block  (dbi) 

£ 

5841 

Z(1,D 

TFM(1) 

Calculi  ted  main  table  nozzle  back  pressure 
impulse  for  stage  I  (lb-sec) 

4 

4 

| 

2 

584i 

2(2,1) 

XvM(l) 

Calculated  main  table  input:  total  impulse 

t 

« 

adjusted  to  vacuum  conditions  for  stage  I 

1 

(lb-sec) 

5843 

Z(3,l) 

^Mfl) 

Calculated  input  vacuum  corrected  main 
table  time  adjusted  thrust  integral  for 
stage  1  (ib-nec) 

| 

1 

% 

s 

5844 

Z  (4 , 1 ) 

lvM ( 1 ) 

Calculated  main  table  vacuum  adjusted  thrust 
integral  for  stage  1  (lb-sec) 

w 

4 

1 

-f 

< 

M, 

5845 

Z  (5 , 1 ) 

f%Ul) 

Calculated  main  table  thrust  multip?.ier  for 

-■ 

| 

stage  I  (lb-sec) 

1 

5846 

Z  (6 , 1 ) 

IspM(D 

Calculated  main  ta»le  adjusted  to  vacuum 

£ 

specific  impulse  for  stage  I  (sec) 

J 

5847 

Z(7,l) 

:rc(i) 

Caleula  ted  complementary  table  nozzle  back 

§ 

pxe  seurc  impulse  for  stage  1  (lb-sec) 

| 

5848 

Z  (8 , 1 ) 

A 

1vc (i ; 

Calculated  complementary  table  input  total 

1 

impulse  adjusted  co  vacuum  condition  for 

? 

stage  I  (lb-sec) 

| 

5849 

2(5G  ’ 

/*  \ 

Calculated  input  acu;tm  corrected  comple¬ 

% 

VO  1  l. 

mentary  table  time  adjusted  thrust  integral 

* 

fur  stage  I  fib-sec) 

1 

5850 

2(10,1) 

^cfU 

Calculated  complementary  table  vacuum 
adjusted  thrust  integral  for  stage  1  (lb-sec) 

ft 

5351 

Z(Il,i) 

KS.  ... 

Calculated  complementary  table  thrust 

i 

multiple  r  for  stage  I  (dim) 

i 

5852 

4^2,1) 

T?pe(i) 

Calnul?  -d  complementary  lable  adjust. d  to 
vacuum  specific  impulse  for  stage  I  (see) 

5 

548 


3 


5 


U 

jig 


L-number 

FORTRAN 

Symbol 

Engineer’s 

Symbol 

Definition 

5853 

Z(13,l) 

XV 

Vra) 

Calcula ted  input  main  and  complementary 
impulse  corrected  to  vacuum  condition  for 
stage  I  (lb-sec) 

5854 

Z (14 , 1 ) 

T‘V 

vT(l) 

Calculated  main  and  complementary  vacuum 
adjusted  thrust  integral  for  Stage  I 
(lb-sec) 

5855 

Z(15,l) 

ZvT (1 ) 

Calcu’ nted  input  vacuum  corrected  main  and 
complementary  impulse  corrected  for  stage  I 
(lb-sec) 

5856 

Z(l,2) 

rFM(2) 

Calculated  main  table  nozzle  back  pressure 
impulse  . or  stage  11  (lb-sec) 

5857 

Z  (2 , 2  ) 

£vM<2) 

Calcul  <"ed  main  table  input  total  impulse 
adjusted  to  vacuum  conditions  for  stage  11 
(lb-sec) 

5358 

Z(3 ,2) 

"vm  {2) 

Calculated  input  vacuum  corrected  main 
table  time  adjusted  thrust  integral  for 
stage  IT  (lb-sec) 

5859 

Z(4,2) 

TvM(2) 

Calculated  main  table  vacuum  adjusted 
thrust  integral  for  stage  II  (lb-se*-) 

5860 

Z  (5 , 2  ) 

K*  ,  . 

FM(2) 

Cal*,  ated  main  table  thrust  multiplier 
for  stage  11  (dim) 

5361 

Z(6,2) 

IsPM(2) 

Calculated  main  table  adjusted  to  vacuum 
specific  impulse  for  stage  II  (se<~) 

5862 

Z(7  j2) 

^ca) 

Calculated  complementary  table  noz; *e  back 
pressure  impulse  for  stage  II  (lb-sec) 

5863 

Z(8,2) 

IvC(2) 

Calculated  complementary  table  input  total 
impulse  adjusted  to  vacuum  condition  for 
stage  II  (lb-sec) 

5864 

Z(9,2) 

XvC(2) 

Calculated  input  vacuum  corrected 
complementary  table  time  adjusted  thrust 
integral  for  stage  II  (lb-sec-* 

5865 

2 (10, 2) 

IvC (2 ) 

Calculated  complementary  cable  vacuum 
adjusted  thrust  integral  for  stage  II  (lb-sec) 

5866 

Z(il,2) 

^FC(2) 

Calculated  complementary  table  thrust 
multiplier  for  stage  II (Dim) 

5867 

TspC(2) 

Calculated  complementary  table  adjusted  to 
vacuum  specific  impulse  for  stage  II  (sec) 

549 


L-number 

5868 

FORTRAN 

Symbol 

Z(13,2) 

Engineer ' s 
Symbol 

Kud 

Definition 

u 

Calculated  input  main  and  complementary 
impulse  corrected  to  vacuum  conditions  for 
stage  II  (lb-sec) 

5869 

ZH4,2) 

T* 

vT  (2  ) 

Calculated  main  and  complementary  vacuum 
adjusted  thrust  integral  fhr  Stage  II  (lb-sec) 

587C 

Z(15 ,2) 

XvT  (2) 

Calculated  input  vacuum  corrected  main  and 
complementary  impulse  time  corrected  for 
stage  II  (lb-sec) 

5371 

Z(1  >3) 

X?M(3) 

Calculated  main  table  nozzle  back  pressure 
impulse  for  stage  III  (lb-sec) 

5872 

Z  (2 , 3  ) 

A 

XvM(3) 

Calculated  main  table  input  total  impulse 
adjusted  to  vacuum  conditions  for  stag0  HI 
(lb-sec) 

5873 

Z(3,3) 

Xvm(3) 

Calculated  input  vacuum  corrected  main 
table  time  adjusted  thrust  integral  for 
stage  III  (lb-sec) 

5874 

2(4,3) 

TvM(3) 

Calculated  main  table  vacuum  adjusted 
thrust  integral  for  stage  III  (lb-Qec) 

5875 

Z(5,3) 

%(3) 

Calculated  main  table  thrust  multiplier  ) 

for  stage  HI  (dim) 

5876 

2(6,3) 

XspM.(3) 

Calculated  main  table  adjusted  to  vacuum 
soecific  impulse  fer  stage  III  (sec) 

5877 

2(7 ,3) 

1FC(3) 

Calculated  complementary  table  nozzle  back 
pressure  impulse  fc-r  stage  17.1  (lb-sec) 

5878 

2(8,3) 

A 

TvC(3) 

Cgicuh  tea  complementary  table  input  total 
impulse  adjusted  to  vacuum  conditions  for 
stage  III  (lb-sec) 

5379 

2(9,3) 

XvC  (3  ) 

Calculated  input  \ticuum  corrected 
roroplesnentary  table  time  adjusted  thrust  integral 
for  stage  III  (lb-sec) 

5880 

2(10,3) 

rvC(3) 

Calculated  complementary  table  vacuum 
adjusted  thrust  integral  for  stage  III 
(lb -sec) 

5881 

Z(ll  ,3) 

K-t,„ 

i  si 

Calculated  complementary  tabic  thrust 
multipier  for  stage  III  (din) 

5882 

Z(12,2) 

XspC(3) 

Calculated  complementary  table  adjusted  to  \ 

vacuum  specific  impulse  for  stage  III  (sec) 

5^0 


L-number 

FORTRAN 

Symbol 

Engineer' 

Svmool 

's 

Definition 

5883 

Z(13,3) 

iro, 

Calculated  input  main  and  complementary 
impulse  corrected  to  vacuum  conditions 
for  stage  III  (lb-sec) 

5884 

Z(14,3) 

T* 

vT(3) 

Calculated  main  and  complementary  vacuum 
adjusted  thrust  integral  for  stage  III 
(3b  -sec) 

5885 

Z(15,3) 

TvT<3) 

Calculated  input  vacuum  corrected  main 
and  complementary  impulse  time  corrected 
for  stage  III  (lb-sec) 

5886 

Z<1,4) 

XFM(4) 

Calculated  main  table  nozzle  back  pressuc 
impulse  for  stage  IV(lb-sec) 

5887 

Z(2,4; 

*vM(4) 

Calculated  main  table  input  total  impulse 
adjusted  to  vacuum  conditions  for  Stage  IV 
(lb-sec) 

5888 

Z(3,4) 

XvM(4) 

Calculated  input  vacuum  corrected  main  table 
time  adjusted  thrust  integral  for  c ..age  IV 
(lb-sec) 

5889 

Z(4 ,4) 

IvH(4) 

Calculated  main  table  vacuum  adjusted 
thrust  integral  for  stage  IV  (lb-sec) 

5890 

Z(5 ,4) 

^FN(4) 

Calculated  main  table  thrust  multiplier 
fcr  stage  IV  (dim) 

5891 

Z(6,4) 

IsoM(4) 

Calculated  main  ta-le  acij  usted  to  vacuum 
specific  impulse  for  stage  IV  (sec) 

5892 

Z(7,4) 

XFC(4) 

Calculated  complementary  table  nozzle  back 
pressure  impulse  for  stage  IV  (?b-sec) 

5893 

Z(8 ,4) 

A 

XvC  (4  ) 

Calculated  complementary  table  input  total 
impulse  adjusted  to  vacuum  condition  s  for 
stage  IV  (lb-sec) 

5894 

Z(9,4) 

XvC (4 ) 

Calculated  input  vacuum  corrected 
complementary  table  time  adjusted  thrust 
integral  for  stage  IV  (lb-sec) 

5895 

Z(10,4) 

*vC (4) 

Calculated  complementary  table  vaccym 
adjusted  thrust  integral  for  stage  IV 
(lb-sec) 

5896 

Z(U  ,4) 

CFC(4> 

Calculated  complementary  table  thrust 
multiplier  for  stage  IV  (dim) 

5897 

lsPC( 4) 

Calculated  complementary  table  adjusted  to 
vacuum  specific  impulse  for  stage  IV  (sec) 

551 
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L-number  Symbol 

5898  Z(13 ,4) 


FORTRAN  Engineer’s 
Symbol 


vT(4) 


5899 

Z(14,4) 

ta 

XvT(4) 

5900 

2(15,4) 

XvT(4) 

5901 

8AVED(1 ,1) 

V1(B1) 

5902 

SAVED (2,1) 

h(Bl) 

*5903 

SAVED  (3,1) 

• 

rl(Bl) 

5904 

SAVED (4,1) 

W(B1> 

5905 

SA\TD'5,1) 

Sf(Bl) 

5906 

SAVED  (6,1) 

^(Bl) 

5907 

SAVED (7,1) 

ld(bi) 

5908 

SAVED  (8,1) 

Lg  (B1  ) 

5909 

SAVED (9,1) 

Vbd 

5910 

SAVED (10,1)  AV(3l) 

5911 

SAVED(11,I) 

aXb(Cl 

5912 

SAVED (12,1) 

“(SI) 

5913 

SAVED(1%1> 

H’flll) 

5914 

SAVED(!M>hp(Bl) 

Definlfcion 

Calculated  input  main  and  complementary 
impulse  corrected  to  vacuum  conditions 
for  stage  IV  (lb-sec) 

Calculated  main  and  complementary  vacuum 
adjusted  thrust  integral  for  stage  IV  (lb-sec) 

Calculated  input  vacuum  corrected  main  and 
corapleme '.tary  inpulse  time  corrected  for  stage 
IV  (lb-sec) 

Missile  inertial  velocity  at  the  termination 
of  stage  I  (ft/sec) 

Missile  geometric  altitude  at  the 
termination  of  stage  I  (ft) 

Pitch  flight  path  angle  at  the  termination 
of  stage  I  angle  between  the  earth  referenced 
velocity  vector  and  the  local  tangent  plane. 
Positive  away  from  the  earth  (deg) 

Total  missile  weight  at  the  termination  of 
stage  I  (Lb) 

Total  missile  ground  range  at  the  termination 
of  the  glide  phase  if  the  powered  flight 
were  to  end  at  the  termination  of  stage  I  (nm) 

Total  thrust  velocity  loss  due  to  back 
pressure  for  stage  I  (ft/sec) 

Drag  velocity  loss  for  stage  I  (ft/sec) 

Gravity  velocity  loss  for  stage  I  (Ft /sec) 

Vectoring  velocity  loss  for  stage  1  (ft/sec) 

Ideal  missile  velocity  for  stage  I  (ft/ser) 

Vehicle  acceleration d  ue  Lo  total  thrust  and 
aerodynamic  force  at  the  termination  of 
stage  I  (g's) 

Missile  dynamic  pressure  at  the  termination 
of  stage  I 

Total  missile  vacuum  impulse  for  stage  I 
(lb-sec) 

Perigee  altitude  of  the  glide  phase  if  the 
powered  flight  were  to  end  at  the  termination 
of  stage  I  fnm) 


stored  values  of  saved  angles  are  in  degrees 


FORTRAN  Engineer’s 

L-number  Symbol  Symbol 

5915  SAVED(15,1)  h  ,R1  v 


SAVED(16,1)  tf(B1) 


*5917 


SAVED (17 , 1 )  7nf(B1) 


SAVED (18,1)  VIf(B1) 


Definition 

Apogee  altitude  of  the  glide  phase  if  the 
powered  flight  were  to  end  at  the  termina:ion 
of  stage  I  (nm) 

Total  flight  time  to  the  termination  of  the 
glide  phase  if  the  powered  flight  were  to 
end  at  the  tem ination  of  stage  I  (sec) 

Impact  or  intercept  inertial  pitch  flight 
path  angle  if  the  powered  flight  were  to 
end  at  the  termination  of  stage  I  (deg) 

Missile  inertial  velocity  at  the  termination 
of  the  glide  phase  if  the  powered  flight 
weie  to  end  nt  the  termination  of  stage  I 
(ft/sec) 


5519-5925 


SAVED(1,2)  VI(B2) 
SAVED (2, 2)  h(B2) 
SAVED (3, 2)  71(b2) 


SAVED (4,2)  W(B2) 

SAVED  (5,2)  Sf(8i) 


SAVED (6,2)  LF(B2) 

SAVED (7, 2)  Ld(b2) 
SAVED  (8,2)  I.g(B2) 

SAVED  (9, 2)  I^.fB2) 

SAVED (10, 2)  &V(B2) 
SAVED (11 ,2)  axl)(B2) 


Missile  inertial  velocity  au  the  termination 
of  stage  II  (ft/sec) 

Missile  geometric  altitude  at  the  termination 
of  stage  II  (ft) 

Pitch  flight  path  angle  at  the  termination 
of  stage  II.  Angle  between  the  earth 
referenced  velocity  vector  and  the  local 
tangert  plane.  Positive  away  from  the  earth, 
(dog) 

Total  instantaneous  missile  wight  at  the 
termination  of  stage  II  (lb) 

Total  missile  ground  range  at  the  termination 
of  the  glide  phase  of  the  powered  flight 
were  to  end  at  the  termira  tion  of  stn  gc  II  (nm) 

Total  thrust  \e  locity  loss  due  to  back 
pressure  for  stage  II  (ft/sce) 

Drag  velocity  loss  for  stage  II  (ft/sec) 

Gravity  velocity  loss  for  stage  II  (ft/sec) 

Vectoring  velocity  loss  for  stage  II  (ft/sec) 

Ideal  missile  velocity  for  stage  II  (ft/sec) 

Vehicle  acceleration  due  to  total  thrust  and 
aerodynamic  force  at  the  termination  of 
stage  II  (g’s) 


(Stored  values  of  saved  angles  are  in  degrees) 


L-number 

FORTRAN 

Symbol 

Engineer's 

Symbol 

Definition 

5937 

SAVED (12 ,2)  q(B2) 

Missile  dynamic  pressure  at  the  temination 
of  stage  II  (lb/ft) 

5938 

SAVED (13 ,2)  lyaz) 

Total  missile  vacuum  impulse  for  stage  II 
(lb-sec) 

5939 

SAVED (14, 2)  hp(B2) 

Perigee  altitude  of  the  glide  phase  if  the 
powered  flight  were  to  end  at  the  termination 
of  stage  II  (nm) 

5940 

SAVED (15, 2)  hfl(B2) 

Apogee  altitude  ol  the  glide  phase  if  the 
powered  flight  were  to  end  at  the  termination 
of  stage  II  (nm) 

5941 

SAVED (16, 2) 

Cf(32) 

Total  flight  time  to  the  termination  of  the 
flight  phase  if  the  powered  flight  were  to 
end  at  the  termination  of  stage  II  (sec) 

5942 

SAVED (17, 2)  7u£(b2) 

Impact  or  intercept  inertial  picch  flight 
path  angle  if  the  powered  flight  were  to  ^nd 
at  the  temination  of  stage  II  (deg) 

5943 

SAVED  (18, 2) 

VIf  (B2) 

Missile  inertial  velocity  at  the  termination 
of  the  glide  phase  if  the  powered  flight  were 
to  end  at  the  termination  of  stage  IT.  (ft/see 

5944-5950 

Open 

5951 

SAVED (1  3) 

VI(B3) 

Missile  inertial  velocity  at  the  terminatiai 
of  stage  III  (ft/sec) 

5952 

SAVED  (2, 3) 

h(B3) 

Missile  geometric  altitude  at  the  termination 
of  stage  III  (ft) 

5953 

SAVED (3, 3) 

71(B3) 

Pitch  flight  path  angle  at  the  termination 
of  stage  III.  Angle  between  the  earth 
referenced  velocity  vector  and  the  local 
tangent  plane.  Positive  away  from  the 
earth  (deg) 

5954 

SAVED (4, 3) 

W(B3) 

Total  instantaneous  missile  weight  at  the 
termination  of  stage  III  (lb) 

5355 

SAVED  (5 ,3) 

Sf(B3> 

Total  missile  ground  range  at  the  termination 
vf  the  glide  phase  if  the  powered  flight  were 
to  end  at  the  termination  of  stage  HI  (nm) 

5956 

SAVED(6,3) 

^(33) 

Total  thrust  velocity  loss  due  to  bacl: 
pressure  for  stage  III  (ft/sec) 

5957 

SAVED  (7, 3) 

LD(B3) 

Drag  velocity  loss  due  to  back  pre&sure  for 
stage  III  (ft/sec) 

554 
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iSiUXMSSWMV 


L-number 


i  o 


FORTRAN 

Symbol 


Engineer’s 

Symbol 


5958 

SAVED (8, 3) 

Lg(B3) 

5959 

SAVED (9, 3) 

LV(B3) 

5960 

SAVED(10,3) 

(B3  ) 

5961 

SAVED (11, 3) 

aXb(B3) 

5962 

SAVED (12, 3) 

q(B3) 

5963 

SAVED(13 ,3)  IV(B3) 

5964 

SAVED(14,3) 

hp(B3) 

5965 

SAVED(15,3)  l,a(B3) 

5966 

SAVED  (16, 3) 

Cf  (E3) 

5967 

SAVED  (J  7,3) 

'llf  (B3 

5968 

SAVED(1S,3) 

VIf  (B3) 

5969-5975 

5976 

SAVED(i ,4) 

VI(B4) 

5977 

SAVED  (2, 4) 

h(B4) 

5978 

SAVED  (3, 4) 

5979 

SAVED  74. 4) 

W(d4) 

Definition 

Gravity  velocity  loss  for  stage  III  (ft/sec) 
Vectoring  velocity  loss  for  stage  III  (ft/sec) 
Ideal  missile  velocity  for  stage  III  (ft/sec) 


Vehicle  acceleration  due to  total  thrust  and 
aerodynamic  force  at  the  termination  of 
stage  III  (g’s) 


Missile  dynamic  pressure  at  the  termination 
of  stage  III  (lb/ft^) 


Total  missile  vacuum  impulse  for  stage  III 
(lb-sec) 


Perigee  altitude  of  the  glide  phase  if  the 
powered  flight  were  to  end  at  the  termination 
of  stage  III  (nm) 


‘pogee  altitude  of  the  glide  phase  if  the 
powered  flight  were  to  end  at  the  termination 
of  stage  III  (nm) 


Total  flight  time  to  the  termination  of  the 
glide  phase  if  the  powered  flight  were  to  end 
at  the  termira  tion  of  stage  III  (sec) 


Impact  or  intercept  iner  ial  j  ‘.ch  flight 
path  angle  if  the  powered  fligi  •;  were  to 
end  at  the  termination  of  stag''  III  (deg) 


Missile  ii  ...rial  velocity  at  the  termination 
of,  the  glide  phase  if  the  powered  flight  were 
to  end  at  the  termination  o*.  stage  III  'ft/sec) 


Missile  inertial  velocity  at  the  termination 
of  stage  IV  (ft/sec) 


Missile  geometric  altitude  at  the  termination 
of  stage  IV  (ft) 


Pitch  flight  path  angle  at  the  termira  tion 
of  stage  IV.  Angle  between  the  earth 
referenced  velocity  vector  and  the  local 
tangent  plane.  Positive  ayay  from  the 
earth  (deg) 


Total  instantaneous  missile  weight  at  tne 
termination  of  stage  IV  (lb) 


SUi 


555 


FORTRAN  Engineer’s 
L-number  Symbol  Symbol _ 


# 


Definition 


5980 

SAVED (5, 4)  Sf(B4) 

Total  missile  ground  range  at  the  termination 
of  the  glide  phase  if  the  powered  flight 
were  to  end  at  the  termination  of  stage  IV 

Own) 

J 

W 

5981 

SAVED  (6 ,4) 

Total  thrust  velocity  loss  due  to  back 
pressure  for  stage  IV  (ft/sec) 

5982 

SAVED (7 ,4)  Ld(&4) 

Drag  velocity  loss  for  stage  IV  (ft/sc-c) 

5983 

SAVED (8, 4)  Lg(B4) 

Gravity  velocity  loss  for  stage  IV  (ft/sec) 

5984 

SAVED  (9, 4) 

Vectoring  velocity  loss  for  stage  IV  (ft/sec) 

5985 

SAVED(10,4)  AV(B4) 

Ideal  missile  velocity  for  stage  IV  (ft/ sec) 

5986 

SAVED (11 ,4)  axb(BA) 

Vehicle  acceleration  due  to  total  thrust  and 
aerodynamic  force  at  the  termination  of 
stage  IV  (g’s) 

5987 

SAVED(12.4)  q(M) 

Missile  dynamic  pressure  at  the  termination 
of  st3gc  IV  (lb/ft^) 

5988 

SAVED  (13 ,4)  1V(B4) 

Total  missile  vacuum  itnpi  Ise  for  stage  IV’  (lb/sec) 

5989 

SAVE  3(14,4)  h?(M) 

Perigee  altitude  of  the  glide  phase  if  the 
powered  flight  were  to  end  at  the  termination 
of  stage  (nm) 

'  J 

5990 

SAVED (15, 4)  ha(E4) 

Apogee  altitude  of  the  glide  phase  if  the 
powered  flight  were  to  end  at  the  termination 
of  stage  IV  (nm) 

5991 

SAVED (16, 4)  tf(E4) 

Total  flight  time  to  the  teunination  of  the 
glide  phase  if  the  powered  flight  were  to 
end  at  the  termination  of  stage  IV  (sec) 

5992 

SAVED (17, 4)  7u£(b4) 

Impact  or  intercept  inertial  pitch  flight 
path  angle  if  the  powered  flight  were  to 
end  at  the  termination  of  stage  IV  (see) 

5993 

SAVED (18, 4)  VIf(B4) 

Missile  inertial  velocity  at  the  termination 
of  the  glide  phase  if  the  powered  flighn 
were  to  end  at  the  termination  of  stage  IV 
(ft/sec) 

5994-5999 

- 

Open 

1  . 


4.  Load  Sheets 


The  load  sheets  are  shown  in  the  following  pages. 


I _ 

_ ; 

1 

a, - ; ; 

tr 

0  i 

T3  * 

O  j - - 

fa  M  H 


_  ■  S'  ,o 

r —  | - o.1 - ‘a 

~  i _ |*2  I  *S 

-  - - Ih  U  — M 

- i  j - |<n  : - lu 


I —  H  —  i 
»  ! 


TARGET  DYNAMICAL  CONDITIONS 


1 1  ninimiiTTmn 


HRUST -WEIGHT  TABLE  (continued) 


COMPLEMENTARY  THRUST-WEIGHT  TABLE 


COMPLEMENTARY  THRUST- WEIGHT  TAliLEV  Jntinuod) 


AERODYNAMIC  FITCH  DAMPING  COEFFICIENT 


RODYNAMIC  PITCH  DAM  MW 


GUIDANCE  DATA 


** *,P  r,  .1  WN>^9sJW^«^-ti^dLP«W><WM4lbUMNM^N)t^){^^  <iA4!4-i^»/^ ' i^f>vi4r* i^«' ^^,V*«Kk4aW^Av4  ¥*>.-  «W-W44*j  ,^M*Wi  k»  W*»  * ' « 


GAINS 


CECTER-OF-GRAVm 


AERODYNAMIC  ROLLING  MOMENT 


ROC YNAMIC  MOVABLE.  PITCH  CONTROL 


N.  PRINTOUT 

Printout  formats  for  the  input  and  output  prints  are  given  in  this  .  mJt%. 
The  X’s  and  O's  shown  in  the  formats  represent  spaces  for  integers  and  minus 
signs ,  respectively.  The  numbers  and  letters  appearing  at  the  left  side  of  the 
printlines  are  always  printed  with  their  respective  printlines. 

The  basic  deck  (BD) .  reference  run  (RR) .  and  run  (RUN)  numbers  and 
page  number  appear  on  every  printout  page.  The  date  is  also  printed. 

1.  Input  Print 

Input  is  printed  as  shown  in  the  following  pages. 

If  all  the  parameters  in  a  line  are  zero,  the  line  is  deleted.  If  the  lines 
in  a  titled  section  contain  all  zeros,  the  title  is  deleted. 

The  T-card  message  is  printed  after  the  words  "INPUT  FOR". 


INPUT  PRINT 


BD  XXXX.  RR  XXXX.  RUJ  XXXX.  DATS  XXX  XX  XXXX  PAGE  X 

INPUT  FOR  (MESSAGE  IN  TRAJECTORY  RUN  CARD,  COLUMNS  2  THRU  57) 


INITIAL 

CONDITIONS 

*k 

t 

0 

fk 

T'  Mr  S 

y  y  y 

3 

OX. 

OXXXXX.XXXX  OXXXXX.XXXX 

OXX.  OX.  OXX 

10 

V 

o 

7o 

h 

0 

OXXXXXXXXX. 

s 

0 

OXXXXXX  .XXX 

OXXXX. xxxxx 

OXXXXXXXXX. 

14 

V. 

1 

0. 

1 

fi 

i 

oxxx.xxxxxx 

OXXX.XXXXXX  OXXX.XXXXXX 

17 

PL 

iXL 

h, 

OXXXXXXXXX 

GXX*XXXXXX 

OXX  •  XXXX^DC 

y 

PL 

hE 

20 

OXXXXXXX. XX 

OXXXXXXX.  OXXXXXXXXX. 

23 

J 

K. 

8e 

r 

c 

OXXX.XXXXXX 

OXXX.XXXXX?:  OXXX.XXXXXX  GXXXXXXXXXX.X 

0 

mo 

#*4 

’  mo 

♦ 

mo 

28 

OXXX.XXXXX 

oxxx.xxxxx 

OXXX.XXXXX 

*bo 

\o 

31 

oxxx.xxxx  oxxx.xxxxx  oxxx.xxxxx 

0 . 

00 

bo 

°bo 

34 

OXXX.XXXXX 

OXXX.XXXXX 

OXXX.XXXXX 

ORBITAL  ELEMENT  VALUES 

k  i 

cl 

kc2 

hf 

7  4- 

t>) 


37  ox.xxxxxxeoxx  ox.xxxxXxeoxx  OXXXXXXX.  OX.  XXXX  oxxxxxxx 


TRANSVERSE  INITIAL  CONDITIONS 


43 


wco 

OXXXXXXXXX. 

GUIDANCE  ALIGNMENT 


'20 

OXXXX.  xxxxx 


OXXXXX.  XXX 


8 


g 


g 


46  OXXX.XXXXX  OXXX.XXXXX  OXXX.XXXXX 


5S7 


JETTISON  WEIGHT 


"JTI  n 

49  OX.XXXXXXEOXX  XXXX  OX.XXXXXXEOXX 


70  OX.XXXXXXEOXX  XXXX  OX.XXXXXXEOXX 


HUNT  PROCEDURE  1 

P,  K  n  .  X  <v  a  K. 

1  x  Cl  a  a  d 

73  OX.  CX.  OXXX.  CK.  OXXXX  OXXXX  OXXX. 


80  OX.XXXXXXEOXX  OX.XXXXXXEOXX  OX.XXXXXXEOXX  OXXXX. XXXXX 


HUNT  PROCEDURE  2 

P2  CL  €  R.  fn  n  , 

z  z  m  t  D  tZ 

84  CK.  OXXXX  OX.XXXXXXEOXX  OX.XXXXXXEOXX  OX.XXXXXXEOXX  OX.XXXXXXEOXX  OX.X 

o  ,  x.,  *5x . ,  ej  i  y. ,  y„, 

xl  il  il  yl  LI  JU1 

91  OXXXX  OX.XXXXXXEOXX  OX.XXXXXXEOXX  OXXXX  OX.XXXXXXEOXX  OX.XXXXXXEOXX 


cl 

OX.XXXXXXEOXX 


"T1  WT1 

OXXX  OX.XXXXXXEOXX 


145  OXXXX  OX.XXXXXXEOXX  OX.XXXXXXEOXX  OXXXX  OX.XXXXXXEOXX  OX.XXXXXXEOXX 


0/ .XXXXXXEQXX 


TT7  aT7 
OXXX  OX.XXXXXXEOXX 


UPPER  LIMIT  P-2 

*Ul  XU2  *U3  *U4 

154  OX.XXXXXXEOXX  OX.XXXXXXEOXX  OX.XXXXXXEOXX  OX.XXXXXXEOXX 

*U5  >:U6  *C7 

158  OX.XXXXXXEOXX  OX.XXXXXXEOXX  OX.XXXXXXEOXX 


LOWER  LIMIT  P-2 


LI  aL2  I  3  L4 

161  OX.XXXXXXEOXX  »  :.xxxxxxeoxx  OX.XXXXXXECKX  OX.XXXXXXEOXX 


165  OX.XXXXXXEOXX  OX.XXXXXXEQXX  OX.XXXXXXEQXX  OX.XXXXXXEOXX 


PRINT  Ft AGS 


PL- BA  Pl-GD  ?L-K 

PL-KB 

PL-N  PL-0 

200 

OX.  CX. 

OX. 

OX. 

ox.  ox. 

ox-  ox.  ox. 

AUXILIARY 

PRINT 

209 

CP1  °P2 
OXXXX  OXXXX 

°P3 

OXXXX 

0P4  °F5  0P6  °P7  0P8  0P9  °P10  °P11 

OXXXX  OXXXX  OXXXX  OXXXX  OXXXX  OXXXX  OXXXX  OXXXX 

220 

^Pl 

oxxxx.xxxxx 

eFl 

cxxxxx.xxxx 

Atp2 

OXXXX.XXXXX 

CP2 

oxxxxx.xxxx 

224 

At 

P3 

oxxxx.xxxxx 

C?3 

omxx.xm 

*r'?4 

OXXXX.XXXXX 

CP4 

OXXXXX.XXXX 

^?5 

rt 

s 

<UP6 

fcP6 

228  oxxxx.xxxxx  oxxm.mx  oxxxx.xmx  QXXXXX.XXXX 


*?7 

ft 

'*4 

*P8 

fcP8 

232 

axxxx.xxxxx  oxxxxx.xxxx 

axxxx.xxxxx 

OXXXXX.XXXX 

SPECIAL 

PRINT 

°tl 

Ktl 

atz 

Kt2 

236 

OXXXX 

OX.XXXXXXEOXX 

OXXXX 

OX.XXXXXEOXX 

S3 

Kt3 

°t4 

Kt4 

240 

OXXXX 

OX.XXXXXXEOXX 

OXXXX 

OX.XXXXXXEOXX 

fft5 

* 

ft 

at6 

Kt6 

244 

OXXXX 

OX.XXXXXXEOXX 

QXXXX 

OX.XXXXXXEOXX 

atl 

Kt7 

°t8 

Kt8 

248 

OXXXX 

OX.XXXXXXEOXX 

OXXXX 

OX.XXXXXXEOXX 

DISCONTINUITY  PRINT 

°D1  aD2  aD3  °D4  °D5  ffD6  S?  eD8 

252  OXXXX  OXXXX  QXXXX  OXXXX  OXXXX  OXXXX  QXXXX  OXXXX 


MAXIMUM  PRINT 


ml 


ml 


m2 


°k2 


m3 


“m3  ra4 


“mi  m5 


S5 


260  OXXX.  OXXXX  OXXX.  OXXXX  OXXX,  OXXXX  OXXX.  OXXXX  axxx.  OXXXX 


STAGING  VALUES 

tbi  Si  t 


B2 


B2 


B3 


aB3 


B4  °B4 


B5 


JR5 


270  OX.  OXXXX  OX.  OXXXX  QXe  OXXXX  OX.  OXXXX  OX.  OXXXX 


INTEGRATION  TOLERANCES 


9. 


A1 


Vl 


280  OXXXX  OX.XXXXXXEOXX 


aA2 


^r2 


282  OXXXX  GX.XXXm.GXX 


0  A'o 

A 12 

302  CXXXX  OX.XXXXXXEOXX 


1 


BREAK  UP  TOLERANCES 

At  B:  A*  Bx 

L306  +O.XXXXXXXXE+XX  iO.XXJDOXE+XX  +O.XXXXXXE+XX  +O.XXXXXXXXE+XX 


310 


ATTITUDE  CONTROL 
T 


Kfl 


yi  fffl  Kfl  <W’ail,sDl  Rml,c*il,J*Rl 

OX.  OXXXX  OX.XXXXXXEQXX  OX.XXXXXXEQXX  OX.XXXXXXEOXX  OXXX.mXXX 


Pml  ,Craaxl 


K, 


"yl3  wf  .13  1X?16  Qml6,CCil6,'D16  1ml6,^il6,r-Rl3  *al3’'Wl3  P 13 

394  OX.  aXXXX  OX.XXXXXXEQXX  OX.XXXXXXEOXX  OX.XXXXXXEOXX  OXXX.XXXXXX  OXXXX. XXXX 
401  OXXXX. XXXX  OXXXX.  XXXX  OXXXX.  XXX  OXXXX. XXXX  OXXXX.  XXXX 

WIND  PROFILE 

“h  Kv  ** 

407  OX.XXXXXXEQXX  OX.XXXXXXEOXX  OX.XXXXXXEOXX 


,Ct. 


o'X 


‘ l 


v 


wi 


wi 


410  OX.XXXXXXEOXX  OX.XXXXXXEOXX  qxxx.xx 


^30  Vw30  w30 

497  OX .  XXXXXXEOXX  OX.XXXXXXEOXX  QXXX.XX 


MODE 
M 


yl  Si  l 


**1 


600  OX.  OXXXX  OX.XXXXXXEOXX 


HyI0  SllO  K>!10 

62?  OX.  OXXXX  OX.XXXXXXEOXX 


TARGET  CYHAMICAL  CONDITIONS 

^to 

630  OXXXX  OX.XXXXXXXXECXX 


V., 


7TG 


Sr 


iw  IU  *T  -  ’TO  TOO  TCO 

632  OXXXXXX.XXX  OXXXX.XXXXX  ©GOEi  XXX,  ffiCXXXXXXX  OXXXXXXXX.  OXXXXXXM 


633  OXXXX. XXXX  OXXXX  XXXX 


091 


Si; 

P’ 


*3531 


640  oxmx.mx  oxxx.xxxxx  oxxx.xxxxx  oxxx.xxxxx 


664 

668 


670 

674 


aTT7  *TN7 

omxx.xxxx  OXXX.XXXXX  oxxx.xxxxx 
oxxxx.xxxx  oxxxx.xxxx 

DUTY  CYCLE  AND  SLEW  RATE  GRIT 

A.  k.  h_ 

dc  dc  a  B 

OXX  OX  OXXXXXX.XX  CKXXXXX.XX 


M„ 


W„ 


"s  "m  oi 

XXXX.XXXXX  OXX.XXXXXX  xxxxxxxxx. 


aTC7 

oxxx.xxxxx 


TVC  PROPERTIES 

W  .  I 

TVC  exi  spang 

677  OX.XXXXXXEOXX  OX.XXXXXXECKX  OXXX.XXXXXX 

x  -  6  h  k.  , 

nf  rae  mxwd  tpf 

680  QXXXX.XXXXX  OXX.XXXXXX  OXXXXXX.XX  QXX. 


TITLED  PRINT  FLAG 


800 


S06 


860 


S66 


Lfl70 


L808 


THRUST  MODULATION  CONTROL 

■p  &  Tv  T  P  7* 

ty1  Fyi  $i  mq  "fyi  ryi 

OXX.  OXXXX.  OX.XXXXXXEOXX  OXX.  OX.  XXXXXXEOXX  oxxxxx.xxxxx 

MIN,  ,  q  .  . 

1  nr  ax  1  Mmin  i 

OX.XXXXXXEOXX  oxxxxx.xxxxx  oxxxxx.xxxxx  oxxxxx.xxxxx 


F  a 

y7  Fy7 

oxx  oxxxx. 

MIN’ 

I 


K 


Fy7 

OX.XXXXXXEOXX  OXX.  OX.XXXXXXEOXX  oxxxxx.xxxxx 


max  7  min  7 

OX.XXXXXXEOXX  oxxxxx.xxxxx  oxxxxx.xxxx  oxxxxx.xxxxx 
SPECIFIC  VELOCITY  TIME  PROFILE 


vPl 

OXXXXX.XXXXX 


PI 

OXXXXX.XXXXX 


lVP15 

OXXXXX.XXXXX 


Vplo 

oxxxxxx .  xxxxxx 


k 


INPUT  PRINT 


STAGE  ONE 


VJ 


1000 


1004 


MAIN  THRUST-WEIGHT 

°S  Dp  rbiooo 

OXXXX  GX.XXXXXXECKX  OX.XXXXXXEOXX 


ox.xxxxxxeoxx 


I- 

vT 


IvM 


W 


o.xxxxxxxxx.x 

1007  ox.xxxxxxxx 


OXXXXXXXX.X  OX.XXXXXXECKX 
Kt 

OX.XXXXXXXX  ox.xxxxxxxx 


spM 

oxxx.xxxxxx 


A* 

eM 

OXXX.XXXXXX 


K 


0 

ox. 


1013 


ed 

OXXXX.XXX 

a 


CD 


a. 


OXXXX.XXX  OXXXX.XXX  OXXXX.XXX 


OXXXX.XXX 


1017  OCXXX.XXX 

t ' 

1  i 

1020  C  CXXXX.XXXX  OX.XXXXXXEQXX 


s 

OXXXX.XXX 

F. 


acM 

OXXXX.XXX 


W25 

OX.XXXXXXEOXX 


t  * 
25 


‘25  "25 

1092  OXXXXX.XXXX  OX.XXXXXXEOXX  OX.XXXXXXECKX 


i 


594 


MAIN  THRUST  MOTOR  BALLISTICS 


KGS5 


J 

II 


x.xxxxx 

X.XXXXXX 

X.XXXXXX 

+0  XXXXXXD+XX 

XXXXX.XXX 

CSTAR 

ATREF 

RB1000 

FW7 

WP 

xxxxx.xxx 

XXXX.XXXX 

XX.XXXXXX 

XXXX.XXX 

xxxxxxxx.xxx 

ITM 

A 

CAS1 

CAS2 

CAS3 

+0.  XXXXXXD+XX 

X.XXXXXXXX 

+0 .  XXXXXXD+XX 

+0.  XXXXXXD+XX 

+0.  XXXXXXD+XX 

AXMAX 

XXXXXX.XXX 

TIME 

AXMIN 

XXXXXX.XXX 

VAC  THRUST 

PCMXA 

XXXXX.XXX 

CH.  PRES 

PCBREF 

XXXXX.XXX 

PCDOT 

PROP  FRACT. 

xxx.xxxxx 

| 

1 

XXXXX.XXX 

+0.  XXXXXXD+XX 

• 

.  X.XXXXXX 

xxx.xxxxx 

*  * 

+O.XXXXXXD+XX  XXXXX.XXX 

• 

+0.  XXXXXXD+XX 

• 

X.XXXXXX 

TIME 

WEB 

SURFACE 

VOLUME 

EX.  AREA 

XXX.XXXXX 

X.XXXXXX 

+0 .  XXXXXXD+XX 

+0 .  XXXXXXD+XX 

XXXXXX.XXX 

• 

• 

* 

* 

• 

. 

• 

XXX.XXXXX 


x.xxxxxx 


+0 .  XXXXXXD+XX  +O.XXXXXXD+XX  xxxxxx.xxx 


COMPLEMENTARY  THRUST-WEIGHT 
\*C 

OX.XXXXXXXX 


KJL„ 

tv. 


K  , 
tv- 


1100  OX-XXXXXXXX 


1105 


WCo 

oxxxmxx.x 

uci 


x;c 

oxxxxxxxx.x 

rci 


ox.xxxxxxxx 

K 


spc 

oxxx.xmxx 


*'N0 

ox.x 


ED  arC 
OX.X  GXXXX.XXXXX 


eC 

OXXX.XXXXXX 


V? 


Cl 


mo  oxxxxx.xxxx  ox.xxxxxxeckx  OX.XXXXXXEOXX 


«.  t  r  «* 

25  C25  "C25 

1162  OXXXXX.XXXX  OX.XXXXXXEOXX  Oa.XXXXXXEGXX 


595 


AXIAL  FORCE  COEFFICIENTS 
S. 


EC 


C* 


ns?  oxxxx.xxxxx  oxx.xxxmx  oxxxxx.xxxxx 


M1  CA1 

1186  oxxxx.xxxxx  oxx.xmxxx 


M 

*15 


A15 


1216  oxxxx.xxxxx  ckx.xxxxxxx 


FLAN  FORM 
PF 


PC 


1218  OXXXXX.XXXXX  GXXXX.XXXXX 


NORMAL  FORCE  COEFFICIENTS 

SRN  N*  Xcp 

1220  GXXXX.XXXXX  OXX.XXXXXXX  OXX.XXXXXXX 

Mi  Su  S21  S31 

1223  OXXX.XXXXXX  ox . XXXXXXE OXXOX . XXXXXXEOXXOX . xxxxxxsoxx 


M15  Sll5  S215  S315 

1293  OXXX.XXXXXX  OX.:<XXXXXEa<XOX.:OOSXXEOXXOX.XXXXXXECKX 


AERODYNAMIC  PITCH  DAMPING  COEFFICIENTS 


°RN 


M, 


Mt 


Q  "« 

1298  XXXX.NXXXX  OXX.XXXXXX  CXX.XXXXXX 


Q  RQ  Of  Ra 

1301  OXX.XXXXXX  XXXX.XXXXX  OXX.XXXXXX  xxxx.xxxxx 

Hi  Sqi  Sal 

1305  XXX.XXXXXX  GX.XXXXXXXEGXX  OX.XXXXXXXEOXX 


S: 


Sq15 


Sal5 


1347  XXX.XXXXXX  GX.XXXXXXXEGXX  OX.XXXXXXXECXX 


xcpl 

GXXXX.XXXXX 


xcpl5 

OXXXX.XXXXX 


5S6 


CLUSTER  CHARACTERISTICS  AND  SIDE  IMPULSE 


a 


n  R  cl  a  , 

c  c  "it  °tb 


1380  xxxx  xxxx  oxx.xxxx  oxx.xxxx  oxx.xxxx  OXX.XXXX 

TVC  ANOMALIES 

\  KA  “l  ^1?  ^1Y 

1386  oxx.xxx  OXX.XXXX  oxx.xxxx  oxx.xxxx  oxx.xxxx 


PITCH  STEERING 
a01 


ail 


1391  OXXX.XXXXXXXX  OX.XXXXXXXXEOXX 

bll  b21  b31  Tfi 

1393  OX.XXXXXXXXEOXX  OX.XXXXXXXXEOXX  OX.XXXXXXXXEOXX  OXXX.XXXXXXXX 


STEERING  COEFFICIENT  EVALUATION 

*gll  Kgll  °g21  Kg21 

1397  OXXXX  OX.XXXXXXX  OXXXX  OX.XXXXXXEOXX 


YAW  STEERING 


K  , 

yk 

1401  OX.XXXXXXXXEOXX 
ROLL  ANOMALIES 


'yk 

OXXXXX.XXXXX 


aMR 

1403  OXX.XXXXX 

JET  DAMPING 
xPf 


SR 

XXXXX.XXXXX 


krc 

oxx. 


Vr 

OXXXXX.XXXXX 


Pa 


4 


1417  oxxxx.xxxx  oxxxx.xxxx  oxxxx.xxxx 


INITIAL  TVC  CONDITIONS 

5Po  So  5Yo  So  FRo 

1420  oxx.xxxxxx  oxxx.xxxm  oxx.xxxxxx  oxxx.xxxm  ox . XXXXXXXJCEOXX 

1425  oxxxxx.xxxxx  oxxxxx.xxxxx  oxxxxx.xxxxx 

STAGE  ATTITUDE  REACTION 


1428  oxxx.xxxm 


oxxx.xxxxxx 


GIMBAL  LOCATIONS 


1430  xx.xxxxxxx  xxxx.xxxxx  m.xxxxxx  xxx.xxxm  xxxx. xxxxx 


TVC  CHARACTERISTICS 


1435  xxxx.xxxxxxx  xx.xxxxxxx  xxx.xxxxxxx  xx.xxxxxxx  xxx.xxxxxxx 


LIMITS 

L1  L2  L3  L4  L5 

1440  XXXXX.XXXX  XXX.XXXX  XX.XXXX  XXXX.XXX  XX.XXXX 

S  l?  ls  Ly 

1445  XXXXX.XXXX  XXX.XXXX  XX.XXXX  XXXX.XXX 


“10 

XX.XXXX 


GAINS 

K0?l 

1450  XXX .XXXXX 

S?1 

1454  XXX.XXXXXX 

Spa 

1458  XXX. XXXXX 

Spa 

1463  m.xxxxxx 
KDP3 

1468  m. XXXXX 
S?3 

1472  XXX.XXXXXX 


Syi  kapi  Syi 

XXX.XXXXX  XX.XXXXX  XX.XXXXXX 

Sy1  £G1  °Gi  KG1 

XXX.XXXXXX  OX.  OXXXX  OX.XXXXXXXXECKX 

Sy2  Spa  Sy2 

XXX.XXXXX  XX.XXXXX  XX.XXXXXX 

K1Y2  fG2  aG2  KG2 

m.xxxxxx  OX.  OXXXX  GX.XXXXXXXXEOXX 

Sy3  S?3  Sy3 

XXX.XXXXX  XX.XXXXX  XX.XXXXXX 

Sy3  fG3 

xxx.xxxxxx  ax. 


u  x  Z '  V ' 

"  eg  eg  ycg 

1478  OX.XXXXXEOXX  OXX.XXXXXXX  OXX.XXXXXXX  OXX.XXXXXXX 

W  I  v 

n  n  n 

1482  OXXXXXXX, XX  OXXXXXXX. XX  OXXXX.XXXXX 


1485  OXXXXX.XXXXX 
wi 

1488  OXXXXXXXX.X 

I 

Z1 

1492  OXXXXXXX. XX 


XY1 

1495  OXXXXXX.XXX 


OXXXXX.XXXXX  OXXXXX.XXXXX 


X 


I 


Ggl  *yl 

CXXXX  .XXX  XX  OXXXXXXX .  XX 

Y  I 

egl  XI 

GXXX.XXXXX  CXXXXXXX.XX 


egl 

OXXX.XXXXXX 


YZl 

OXXXXXX.XXX 


8  1628 


1692 


w 

15 

OXXXXXXXX.X 

I 

Z15 

OXXXXXXX. XX 


XY15 

1695  OXXXXXX.XXX 


X 

cgl5 

OXXXX.XXXXX 


cgl5 

OXXX. XXXXX 


XZ15 

OXXXXXX.XXX 


ZX1 

OXXXXXX.XXX 


Y15 

OXXXXXXX, XX 
I 

X15 

OXXXXXXX e XX 
I 

ZX15 

OXXXXXXX. XXX 


cgl5 

OXXX. XXXXXX 


ROLL  CONTROL 


1638  XXXXX.XXXX 


XX.XXXXXXXXX  X.  XXXXXXXX 


xxx. xxxxxx 


xxxxx.xxxxx 


^Ri 


1643  XXXXX.XXXX 


XX.XXXXXXXXX  x.xxxxxxxx 


xxx.xxxxxx 


xxxxx.xxxxx 


164S  XXXXX.XXXX 
K _ 


XXXX .  XXXXX  XX .  XXXXXX 


XXX . xxxxx 

*spR2 


xxxxx.xxxxx 


1653  XXXX.  XXXX 


XXX .  XXXXXXXXX  XXX .  XXXXXXXX  XXXX.  XXXXXX 


XXXX. xxxxx 


1658  XXXXX.XXXXX 
KDR3 

1663  XXXX. XXXX 


XXXX.  XXXXX  XX.  XXXXXX 


XXX.  xxxxx 
*spR3 


XXX.  XXXXXXXXX  XXX.  XXXXXXXX  XXXX .  XXXXXX 


AERODYNAMIC  ROLLING  MOMENT 


XXXX. XXXXX 


*5,  i 

'J  I 


1667  oxxxxx.xxxx  OXXXXX.XXXX  OXXXXX.XXXX 
SrR2  Vno 


1670  OXXXXX.XXXX  OXXXXX.XXXX  OXXXXX.XXXX 


1673  OXXXXXXX.XX  OXXXXXXX.XX 


1691  OXXXXXXX.XX  OXXXXXXX.XX 


AERODYNAMIC  MOVABLE  PITCH  CONTROL  FINS  COEFFICIENTS 


IL 


K’ 


'Fz  “nz  ubz  °bz  **  Ycf 

1700  omx.mxx  oxxxx.xxxxx  oxx.xxxxxxx  oxxxx.xxm  oxxxx.xxxrx 


K;f 


Cl 

L2 


c. 


“lz  CDZ  «L* 

1705  OXXXX.XXXXX  OXXX.XXXXX  OXXX,XXXXXX  OXXX.XXXXX  oxxx.xxxxx 


M, 


°Lzi5 


'iz!5 


_  — -  "Dzl5  *Slz15  "czl5 

1710  oxx.xxxx  oxxx.xxxxxxx  ox.xxxxxxeoxx  ox.xxxxxx  oxx.xmxx  ox.xxxxxx 


u 


STAGE  TWO 


STAGE  THREE 


STAGE  FOUR 


2.  OUTPUT  PRINT 


The  output  print  contains  the  parameters  which  are  computed  during  the 
trajectory.  The  output  print  is  separated  into  two  formats.  Format  I  contains 
stage  identified  time  oriented  blocks  consisting  of  printlines  A  thru  P,  the  main 
print:  Y  thru  YD,  the  hunt  print:  2  thru  ZB,  the  auxiliary  print:  X  thru  XA,  the 
steering  coefficients  print:  and  V.  the  maximum  print. 

Format  II  consists  of  the  TVC  duty  cycle  print  blocks  consisting  of 
printlines  WA  thru  WO.  Format  II  follows  the  entire  trajectory  Format  I. 

a.  Format  I  Output  Print 

Format  I  output  print  is  given  following  the  input  print 
defined  in  section  9.1  or  the  hunt  print  if  it  exists.  Each 
stage  is  titled  as  specified  in  the  "output  stage  identification” 
logic.  The  Printline  blocks  in  the  main  print,  hunt  print,  and 
auxiliary  print,  are  time  sequenced.  The  steering  coefficients 
print  block  are  given  at  stags-  termination.  The  main  print, 
hunt  print,  auxiliary  print,  and  sneering  coefficients  print 
arrangements  are  pictured  in  this  section. 

(1)  Output  Scage  Identification 

The  store  of  each  stage  is  identified  by  the  message: 

INITIATION  OF  STAGE  1^ 

where  is  the  stage  number,  i.e.,  i,  2,  3,  or  4 
After  the  stage  termination  printout  type: 

Following  the  time  orientea  print,  one  of  these  three  messages 
will  appear: 

1,  Normal  stage  termination 
TERMINATION  OF  STAGE 


G03 


I,  2,  3,  or 


where  K  is  the  stage  manner,  i.e., 
k 

2.  End  of  flight  control  table 
TRAJECTORY  HALTED -END  OF  FLIGHT  CQT.IOL  TABLE 

3.  End  of  mode  control  table 

TRAJECTORY  HALTED-END  OF  MODE  CONTROL  TABLE 


(2\  Main  Print 

The  main  print  contains  printlines  A,  B.  A.  and  succeeding 
printlincs  when  the  following  special  criteria  arc  met.  The  main  print  is 
given  when  criteria  of  paragraph  K.3.A,  K.S.b.  and  K.3.e  are  satisfied. 


Printline 

Obtained 

A 

Always 

AA 

If  My  =  4  or  5 

E 

Always 

BA 

If  My  =  4  or  5 

BB 

If  My  =  4  or  5 

C 

Always 

CA 

If  My  =  2  or  5 

CB 

If  My  =  5 

CC 

If  fd  t  0 

CD 

If  My  53  5  &  I  i<  0 

XX 

CE 

If  Dp/  0  for  kth  stage 

CF 

I?  D1 /  0  for  kth  stage 

Sr 

CG 

If  Dp?  0  for  kth  stage 

CH 

If  Dp/  0  for  kth  stage 

or 

If  F  #0 

y 

CJ 

If  F  *  5  or  6 

y 
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D 

DA 

DB 

DC 

DD 

DE 

DF 

E 

ED 

EB 

F 

FA 

FB 

FC 

FD 

G 

GA 

GB 

GC 

GD 

IE 


If  h_  *  -  1  or  h  <  h„ 

&  r. 

If  D^  *  0  or  ^  f  0  or  PL  -  DA  *  0 

If  (Dw?  i  0)  or  (My  =  4  or  5  and  Ty  =  8,  9,  10  or  11)  or 
(PL  -  DA  f  0) 

If  h_  f  -  1  or  h  <  h  and  My  °  2  or  5 


!f  hE  4 


1  or  h  <  hg  and  My  =  5 


If  h_  i  -  1  or  h  <  n_  and  S,  ^  0 
E  E  fz 

If  h-£  f  -  1  of  h  <  hg  and  S,^  y*  0  and  My  ~  4  or  5 
If  My  =  2  or  5 
If  My  «  5 

If  My  =  5  and  1  f  0 
xx 

If  My  =  2  or  5 
If  My  =  5 
If  My  -  2  or  5 
If  My  =  5 

If  My  =  5  and  I  ^  0 
xx 

if  tT1  *  0 

If  tT1  i  0  and  My  *  4  or  5 
If  PL  -  GB  i  0  or  Ty  *  10  or  11 
If  (PL  -  GS  f  0  or  Ty  c  10  or  11)  and  My  =  4  or  5 
If  PL  “  GB  5*  0  or  Ty  a  10  or  U 
If  f?L  *  GB  f  0  or  Ty  =  10  or  11)  and  Hy  =  4  or  5 
If  Ty  -  6 
If  K 


-5 


Cl 


ac  '  KC r  °r  at  Che  stase  termination  of  final 


stage  and  the  orbital  criteria  are  satisfied. 
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and  the  orbital  criteria  are  satisfied. 

JA  If  K  ,  <r  o  -  K  or  at  the  stage  terminad.  on  of  the 

cl  c  C2  ° 

final  stage  and  the  impact  criteria  are  satisfied. 

JB  If  K  ,  r  a_  '  K  or  at  the  stage  termination  of  the 

final  stage  and  the  impact  criteria  are  satisfied  and 

hv  j  0 
L 

JC  If  K  ,  o  <  K  or  at  the  stage  termination  of  tha 

cl  c  c?  ° 

final  otage  and  the  impact  or  orbital  criteria  are 
satisfied. 

K  If  PL  -  K  4  0  or  Tv  =  A  or  o  *  0 

gg 

KA  If  (PL  -  K  51  0  or  Ty  “  0  or  o  ^  1  0)  and  My  =  4  or  5 

KB  If  PL  -  KB  i  0  or  Ty  =  4  or  a  *  0 

gi 

N  At  stage  termination  or  PL  -  N  ^  0 

0  At  stage  termination  or  PL  -  0  /  0 

P  If  tB  -  0 

PA  If  P  f  0  or  ?  t  0  and  if  t_  =*  0 

arm  avc  B 

PB  If  P  _  ^  0  or  P  ^  0  and  if  t  =  0 

arm  arc  B 


Output  Print  Format  I 


Main  Print 


S  h  Ve 

A  xxxx.xxxx  xxxxxxxxx.  xxxxxxxx.  xxxxx.xxx 


AA  xxxxxxxxx.  xxxxxxxxx ,  oxxx.xxxx  oxxx.xxx 


B 

0 

m 

9XX.XXXX 

9 

m 

OXX.XXXXX 

a 

oxxx.xxxx 

X, 

OXXX.XXXX 

71I 

OXXX.XXXX 

*zb 

OXX.XXXXX 

V 

e 

oxxxx.xx 

BA 

$ 

ta 

OXXX.XXXX 

$ 

tu 

OXX.XXXXX 

a 

oxxx.xxxx 

y.> 

XXX.XXXX 

72I 

oxxx.xxxx 

SYb 

OXX.XXXXX 

%t 

oxx.xxx 

BB 

* 

m 

OXXX.XXXX 

0 

m 

OXX.XXXXX 

p 

m 

OXX.XXXXX 

OXX.XXXXX 

OXX.XXXXX 

W 

OXXX.XXXX 

p 

OXX.XXXX 

u 

w 

F 

Fv 

IF/M] 

F 

X 

%n 

c  xxxxxxxxx.  xxxxxx.xx  oxxxxxxxx.  oxxxxxxxx.  xxxx.xxxx  oxxxxxxxx.  oxx.xxx 


• 

IyY 

MDQ 

M  _ 
cQ 

mfcq 

M  F 

JDQ  J-Dz 

MTQ 

CA 

oxxxxxxxx. 

oxxxxxxxx. 

oxxxxxxxx. 

oxxxxxxxx. 

oxxxxxxxx.  oxxxxxxxx. 

oxxxxxxx 

i2Z 

mdr 

mcr 

mfcr 

M  F 

JDC  JDy 

mir 

CB 

oxxxxxxxx. 

OXXXXXXXX. 

oxx>:xxxxx. 

oxxxxxxxx. 

oxxxxxxxx.  oxxxxxxxx. 

OXXXXXXX 

p 

p 

? 

e 

c 

£ 

p* 

5 

s 

CC 

GXXXXXXX.XX 

OXXXXXX.XX 

OXXXXXXX . XX  oxxxxxxx , XX  GXXX . xxxxx 

i 

XX 

mdp 

M 

CP 

mfcp 

mfvp  mfop 

MIP 

CD 

oxxxxxxxx. 

oxxxxxxxx. 

oxxxxxxxx. 

oxxxxxxxx. 

oxxxxxxxx .  oxxxxxxxx . 

oxxxxxxx 

rb 

Db 

<r 

'’Wl 

VC1 

ASI 

€ 

c 

FI 

CE 

xx.xxxxxx 

xxxx.xxxx 

X.XXXXX 

xxxxxxxxx.  xxxxxxx.x  xxxx.xxxx  x.xxxxxxx 

p 

p 

p 

F 

F__  . 

F 

F 

c 

c 

CC 

cojn  Vcom 

VN 

N 

CF 

+XXXXXXXX. 

XXXXX.XXX  XXXXX.XXX  XXXXXXXX.  XXXXXXXX . 

XXXXXXXX.  XXXXXXXX 

• 

A. 

A 

K 

K 

L} 

t 

t 

tcc 

5 

p 

CG 

+XXXXXX.X 

XXXX.XXXX 

XXXX.XXXX  XXXX.XXXX  xxxx.xxxx  xxxx.xxxx 

.  WMP 

w 

pr 

gpr 

A  T 

xl 

CH  XXXXXX.XX  XXXXXXXX.  X.XXKXX  xxxx.xxxx 
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V  a  .  M  T 

I  xb  y  y 

XXXXX.XXX  OXX.XXXXX  XX  XX 


MAW  PRINT 


/N 

F 

c 

K 

ev 

V 

XXX 

V 

XXX 

Kxxx 

Cl 

xxxxxxxx. 

XXXX.XXXX 

XXXXX.XXX 

OXXXX.XX 

XXXX.XXXX 

F 

eqmin 

F 

cqrnax 

K 

cq 

V 

ecq 

FcALOS 

Fcclos 

CJ 

XXXXXXXX. 

XXXXXXXXX. 

XXXX.XXXX 

OXXXX.XX 

xxxxxxxx. 

xxxxxxxx 

where: 


V 

XXX 


V 

XXX 


Sxx- 


V 

ecv 

If  F  =1 

y 

V 

ec:n 

If  F  =2 

y 

V 

ev 

If  F  =4 

y 

) 

Otherwise 

V 

ecv 

If  F  =  1 

y 

V 

ecm 

IfF  =2 

y 

0 

Otherwise 

kcpr 

If  F  »  3 

y 

kalos 

IfF  =6 

y 

0 

Otherwise 

I 

? 

I 
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M  q-  a  C  Z  qa'  Pa 

XX.XXXXX  XXXXX.XX  OXXXXX.XX  xxxxxx.xx  oxxxxxxxx  xxxxxx.x  xxxx.xx 


DA  oxxxx.xxx  oxxx.xxxx  oxxx.xxxx  oxxx.xxxx  xxx.xxxxx  oxxx.xxx  oxxxx.xxx 

o 

k>  B  P  a'  €  CD  *0 

DB  oxxxx.xxx  oxxx.xxxx  0 xxx.xxxxx  oxxx.xxxx  xxx.xxxxx  oxxx.xxx  oxxx.xxx 

xcp  MNQ  2cp  HNSQ  MCZG  HNDQ  Npz 

DC  oxxxx.xxxx  oxxxxxxxx .  oxxx.xxxx  oxxxxxxxx.  oxxxxxxxx .  oxxxxxxxx.  oxxxxxxxx. 

MNP  MNR  Nr  MNSR  MCYG  MNDR  NPy 

DD  cxxxxxxx.  oxxxxxxxx.  oxxxxxxx.  oxxxxxxxx.  oxxxxxxx.  oxxxxxxxx.  oxxxxxxxx. 


‘-50 

oxxxxxxxx. 

M6K 

oxxxxxxxx. 

IYY 

xxxxxxxxx. 

\z 

xxxxxxxxx. 

xxx 

xxxxxxxxx. 

5Pc 

oxx.xxxxx 

6Yc 

oxx.xxxxx 


oz  OZ 

OXXXX.XXXX  OXXXXXXXX. 


^Sz  *Siz  2hz  ^cz 

OXXXXXX.XX  oxxxxxxxx.  OXXXX.XXXX  OXXXXXX. 


OXXXX.XXX  OXXXXXXXX.  OXXXXXXXX. 


OXX.XXXX  XXXX.XXXX  OXXX.XXXX  OXXX.XXXX  oxx.xxxx  oxxx.xxxx 

ye  *cg  \  *b  K 

XXXX.XXXX  oxxx.xxxx  oxxx.xxxx  oxx.xxxx  oxxx.xxx 

b  b  b  b  M  RAP 

oxx.xxxxx  oxxx.xxxx  oxx.xxxx  oxxx.xxx  oxxxxxxx. 


oxx.xxxxx 


oxx.xxxxx 


OXXXXXX. X 


XXXX.XXXX 

s„_ 

iC 

xxxxxxxxx. 


oxx.xxxxx  oxxx.xxxxx  oxxxx.xx  oxxxxxx.xx  xxxx.xxx  xxx.xxxx 

&Y  K  S  Fy  KDY 

oxx.xxxxx  OXXX.XXXXX  0XX3QC.XX  oxxxxxx.xx  xxxx.xxx  xxx.xxxx 

1 P  I6P  ^OQ  MTDQ  FTDz 

XXXXXXXXX,  XXXXX.XX  oxxxxxxxx.  oxx.xxxx  OXXXXXXXX.  OXXXXXX. 

V  X6Y  MFOQ  Atrb  >5tpr  FTOy 

XXXXXXXXX.  XXXXX.XX  OXXXXXXXX.  oxxx.xxxx  oxxxxxxxx  oxxxxxxx 

iR  FD  ^b  FR  Fr  \ 

XXXXXXXXX  OX.XXXXXX  oxxx.xxxx  oxxxxxx.x  OXXXXX.XX  OXXXXX.X 

ST  S  VT  7T  *TT  aTO 

xxxxxxxxx.  xxxxxxxx.  xxxxx.xxx  oxx.xxxx  oxx.xxxxx  oxx.xxxxx 

7M  7M  -T  aTC 

oxxx.xxxxx  oxxxxx.xxxx  oxx.xxxxx  oxx.xxxxx 


G10 


CMI 

SMI 

^il 

*MI 

^11 

GB 

XXXX.XXXX 

XXXXXXXXX. 

XXXXXXXX. 

XXXXXXXX. 

OXXX.XXXX 

OXXX.XXXX 

son 

Vii 

‘to 

GC 

xxxxxxxx. 

OXXX.XXX  OXXX.XXXX  OXXX.XXXX 

'MT 

• 

eMT 

\iT 

*ViT 

°MT 

°MT 

GD 

OXXX.XXXX 

OXXXX.XXXX 

OXXXXX.XX 

XXXXXXXX. 

OXXX.XXXX 

OXXXX.XXXXXX 

\lT 

\t 

Hit 

GE 

OXXX.XXXX 

OXXXX.XXXX 

OXXX.XXXX 

oxxxx.xxxxxx 

IE 

"Jr 

OX.XXXXXXEOXX 

e 

n 

p 

h 

a 

i 

t 

a 

P 

J 

XXX.XXXXX 

XXXXX.XXX 

XXXXX.XXX 

XXX.XXXXX 

XXXXXX.XX 

XXXX.XXXX  XXXX.XXXX 

Cf 

sf 

pf 

pf 

VIf 

7llf  72lf 

JA 

oxxxx.xxx 

XXXXX.XXX 

OXXX.XXXX 

OXX.XXXXX 

XXXXXX.XX 

OXX.XXXXX  XXX.XXXX 

CE 

SE 

VaE 

71£ 

V1E 

71IE  72IE 

JB 

OXXXX.XXX 

XXXXX.XXX 

OXXXXX.XX 

OXX.XXXXX 

OXXXXX.XX 

OXX.XXXXX  XXX.XXXX 

s 

a 

72Ia 

Pa 

Vla 

JC 

OXXXXX.XX 

XXX.XXXXX 

OXXX.XXXX 

OXXX.XXXX 

xxxxx.xx 

X 

CO 

X 

ee 

X 

ee 

z 

ee 

z 

ee 

•  • 

z 

ee 

K 

oxxxxxxxx. 

OXXXXX.XX 

OXXXX.XXX 

OXXXXXXXX, 

.  OXXXXX.XX  OXXXX.XXX 

Y 

ee 

• 

Y 

ee 

Vee 

Y 

gg 

Y 

gg 

•  * 

Y 

gg 

KA 

oxxxxxxxx. 

OXXXXX.XX 

OXXXX.XXX 

OXXXXXXXX, 

,  oxxxxx.xx  oxxxx.xxx; 

X 

gg 

• 

X 

gg 

X 

gg 

z 

gg 

z 

gg 

** 

Z 

gg 

KB 

OXXXXXXXX. 

OXXXXX.XX 

OXXXX.XXX 

oxxxxxxxx, 

,  oxxxxx.xx  oxxxx.xxx 

h 

L 

g 

L 

V 

/\V 

E/M 

N 

XXXXXX.XX 

XXXXXX.XX 

XXXXXX.XX 

0 XXXXXX.XX 

XXXXXX.XX 

XXXXXXX. 

I 

] 

[ 

V 

H 

e 

0 

OX.XXXXXXXEOXX  OX.XXXXXXXEOXX  OX.XXXXXXXEOXX 

*?c 

XvT 

Sm 

P 

OX.XXXXXXEOXX  OX.XXXXXXEOX  OX.XXXXXXEOXX 

OX.XXXXXXEOXX  OX.XXXXXXEOXX 

IFH 

*fc 

/>• 

XvT 

A 

IvM 

✓v 

XvC 

PA 

OX.XXXXXXEOXX  OX.XXXXXXEOXX  OX.XXXXXXEOXX 

OX.XXXXXXEOXX  OX.XXXXXXEOXX 

IspH 

I  _ 
spC 

% 

1* 

vH 

I* 

vC 

PB 

OXXXX.XXXXX  OXXXX.XXXXX  OX.XXXXXXEOXX  OX.XXXXXXEOXX 

OX.XXXXXXEOXX 

Is  -*■ 
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Hunt  Print 


Procedure  1 

If  PI  is  non-zero,  the  Printline  Y  is  printed  at  trajectory 
termination.  If  the  input  flag  Ks  is  non-zero,  the  stipulated 
main  print  is  output,  i.e.,  as  described  for  PI  equal  P2  equal 
zero,  for  each  trajectory  run  during  tms  hunting  procedure.  The 
title  for  this  hunt  print  is  set  at  "ITERATION”  and  tne  number  of 
iteration  is  output  as  n^. 

After  convergence  occurs  the  traj;--'”  ir-  is  printed  as 
described  for  PI  equal  to  P2  equal  ze'<- 

Procedure  2 

If  P2  is  non-zero,  printlines  YA  through  YD  are  printed  at 
end  of  each  trajectory  iteration.  The  hunt  print  printout  continues 
uotil  procedure  2  convergence  occurs,  then  the  trajectory  is  printed 
as  described  for  PI  equal  ?2  equal  zero.  The  hunt  print  title  should 
be  "ARRAY",  "EASE  CASE",  or  "ITERATION”  for  ,r.e  indicated  run. 

The  number  of  trajectory  runs  is  output  as  n  . 

Auxiliary  Print 

Printlines  Z,  ZA  (if  a^y  op6,  Op7>  or  op g  is  non-zero),  and 
ZB  (if  ofp9>  or  Oplp  is  non-zero)  when  the  auxiliary  Printline 

criteria  of  paragraph  K.3. d  are  satisfied. 

Steering  Coefficients  Print 

If  Cgj.  >  0  and  >  5,  then  the  steering  coefficients 
print  is  printed  after  the  note  "TERMINATION  OF  STAGE  k"  and 
before  the  note  ’MAXIMUM  VALUES " . 


if  <xgl  >  0  and  ng  <  5 ,  the  note  "STEERING  COEFFICIENTS  NOT 

CALCUIATED"  is  printed  after  the  note  "TERMINATION  OF 
STAGE  k"  and  before  the  note  "MAXIMUM  VALUES". 
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OUTPUT  PRINT  FORMAT  I  (Continued) 


Hunt 

Print 

ni 

HUNT  PRINT  XXX 

title 

HHHHHHHKH 

Y 

X 

OX.XXXXXXXEOXX 

a 

OX.XXXXXXXEOXX 

YA 

*1 

OX.XXXXXXXEOXX 

*2 

OX.XXXXXXXEOXX 

X3 

OX.XXXXXXXEOXX 

X4 

OX.XXXXXXXEOXX 

YB 

X5 

OX.XXXXXXXEOXX 

X6 

OX.XXXXXXXEOXX 

X7 

OX.XXXXXXXEOXX 

YC 

z 

OX.XXXXXXXEOXX 

Z1 

OX.XXXXXXXEOXX 

Z2 

OX.XXXXXXXEOXX 

Z3 

OX.XXXXXXXEOXX 

YD 

Z4 

OX.XXXXXXXEOXX 

Z5 

OX.XXXXXXXEOXX 

Z6 

OX.XXXXXXXEOXX 

Y1 

OX.XXXXXXXEOXX 

vj 


Auxiliary  Print 

t  aPl  °P2  ®P3  °P4 

Z  XXXX.XXXX  OX.XXXXXXXEOXX  GXcXXXXXXXEOXX  OX.XXXXXXXEOXX  OX.XXXXXXXEOXX 

aP5  °P6  °?7  P8 

ZA  OX.XXXXXXXEOXX  OX.XXXXXXXEOXX  OX.XXXXXXXEOXX  OX.XXXXXXXEOXX 

°P9  aP10  °P11 

ZB  OX.XXXXXXXEOXX  OX.XXXXXXXEOXX  OX.XXXXXXXEOXX 


Steering  Coefficient  Print 


X  OX.XXXXXXXXEOXX 

bl 

XA  OX . XXXXXXXXEOXX 


STEERING  COEFFICIENTS 
®1 

OX.XXXXXXXXEOXX 

b-  b,  i\ 

2  3  g 

OX.XXXXXXXXEOXX  OX.XXXXXXXXEOXX  xxxxx. 


Maximura  Print 


MAXIMUM  VALUES 

t  "mj  (value)  °aj(<;ode) 

v  xxxx.xxxx  ox.xxxxxxxx  gxxx  ox 


G14 


afte.-S, 


Maximum  Print 


If  a  .  5s  T  .  "  k.  ,  or  7  .  ■  i  with  k,  *  4,  the  maximum 
mj  mj  k  mj  k 

print  (printline  V)  including  the  note  "MAXIMUM  VALUE" 

is  printed  after  the  steering  coefficients  print  of  the  k-t'n 

stage. 


Optional  Titled  Output 

If  Kppp  the  titled  print  flag  input  in  L683  is  non-zero 
the  following  format  is  printed  at  the  top  of  each  page  of  the 
output  print  format  I. 


BD  XXX. 

RR  XX. 

RUN  XXX. 

t 

f 

T  CARD  TITLE  MESSAGE  IS 

PRINTED  ON 

THIS  LINE 

! 

i 

i 

A  TIME 

GROUND 

GEOMETRIC 

EARTH 

INERTIAL 

AXIAL 

MODE  TYPE 

j 

RANGE 

ALTITUDE 

VELOCITY 

VELOCITY 

ACCEL 

I 

B  ATTITUDE 

ATTITUDE 

ATTACK 

FLIGHT 

INERTIAL 

TRANS 

EARTH 

j 

ANGLE 

RATE 

ANGLE 

PATH 

FLIGHT 

ACCEL 

VELOCITY 

t 

( 

ANGLE 

PATH 

RATE 

C  WEIGHT 

WEIGHT 

TOTAL 

VACUUM 

SPECIFIC 

AXIAL 

VEHICLE 

i 

FLOW 

THRUST 

THRUST 

IMPULSE 

THRUST 

LOAD 

FACTOR 

i 

t 

D  MACH 

DYNAMIC 

AIR 

AXIAL 

NORMAL 

Q 

AMBIENT 

i 

j 

NUMBER 

PRESSURE 

VELOCITY 

FORCE 

FORCE 

ALPHA 

PRESSURE 

b. 


(1) 


Format  II  .Output  Print 

Format  II  output  prin:  is  given  following  the  entire 
Format  I  output  print  defined  in  section  Nl.  The  Printline 
block  in  the  duty  cycle  print  is  sequenced  to  present  general  duty 
cycle  parameters  first,  the i  the  time  dependent,  duty  cycle  parameters. 
The  duty  cycle  print  arrangement  is  pictured  in  this  section. 

Duty  Cycle  Print 

If  is  non-zero,  the  duty  cycle  print  for  the 
stage  5  hall  be  given  following  the  flexible  body  print. 


V 


J 


616 


‘■■iWMgm* " 


OUTPUT  PRINT  FORMAT  II 


DUTY  CYCLE  PRINT 


I -DEL 


v 

I -VAC 


e 

X-E 


WA  OX. XXXXXXXXEOXX  OX  XXXXXXXXEOXX  0 XXXX.XXXX 


h 


u 


A  *  U 

nf  me 

X-NP  D-DESIGN 

OXXXX.XXXX  oxx.xxxx 

6, 


Ispm  <1«  rqa  wc  "S  VS 

ISPVACM  H-Q  ALPHA  P-Q  ALPHA  CONT  FREQ  SLEW  D-SLEW 

WB  OXXXX.XXXX  OXXXXXXX  OXXXX.XXXX  OXXXX.XXXX  OXXX.XXXX  OXX.XXXX 


I: 


t 


WC 


«  SR 

"P  *8p  ”^P  ‘P  pmax  praax 

I-P  I-DDOTP  T-NF  ETA-P  DPOT-PMAX  D-PMAX 

GX .XXXXXXXXEOXX  OXXXXX.XX  OXXXX.XXXX  OX.XXXXXX  OXXXX.XXXX  OXX.XXXX 


I  Ii  t  r,  6  &  „ 

y  oy  y  y  ymax  ymax 

I-Y  I-DDOTP  T-NY  ETA-Y  D.-CT-YMAX  D-YMAX 

WD  OX. XXXXXXXXEOXX  OXXXXX.XX  OXXXX.XXXX  OX.XXXXXX  OXXXX.XXXX  OXX.XXXX 


WE 


qCma>:  qqa  Cqc: 

Q-ALPHA  Q-Q  APLHA  T-Q  ALPHA 

oxxxxxxx.xx  cxxxxx.xx  oxxxx.xxxx 


c 


6 


K, 


D„ 


M  • 

nOR  qOf  ave 

NORM  COEF  MACH  Q  k  D-AVE 

OX.XXXXXXX  OXX.XXXX  OXX.XXXX 


w 


<ic  B  FWi  Ba  vavc 

STG  CASE  DIA  VcH  VXHR/WT  STS  TIME  STG  VAC  THRUST  STG  LIFTOFF  WT 

WF  X  OXXXX.XXXX  OXXX.XXXXX  OXXXX.XXXX  CX.  XXXXXXXXEOXX  OX. XXXXXXXXEOXX 


RPPV 


cC 

d 


c* 


a  K  G  ce 

PC/FMV  EX?  SAT  AT  GAMMA  PCA  C-S7AR 

WG  OX . XXXXXXXXEOXX  OXXXX.XXXX  AXXXXX.XXX  OXjXXXXX  OX. OCX. XXX  OXXXXX.XX 

W’  .  W  .  I  P 

Tvu  Cxi  spavg  cnsax 

WTVC  tf-ENJ  ISP-AUG  PC -MAX 

VH  OX .  XXXXXXXXEOXX  OX.  XXXXXXXXEOXX  OX.XmXXXXSOXX  £S  .XXXXXXXXEOXX 


n 


SL. 


R .  (<5.  H. 

n;  c  dc  rizaax  syntax 

K-U  N-C  K-DC  H-HI*JQE-.?  M -HINGE -Y 

WI  XXX  XXX  XXX  OX. XXXXXXXXEOXX  OX . XXXXXXXXEOXX 

TvM  KtM 

IVT-KAI8-  WGT-MAIN  XT-MAIN 

wj  ox.xxxxxxxxeoxx  cx.xxxxxxsxksxx  ox.xxxxxxxxeqxx 


g§ 

-SI 


1 

8 


G17 


WK 


tmajc 

ADTMAX 

+O.XXXXXXEKX 


'at 

[AT 

+O.XXXXXXEKX 


A 

xmax 
AX  MAX 

-XXXXX.XXXX 


max 

FMAX 

\VL  -XX XXX XXX.  XX 

F  . 
mm 

FMIN 


P 

cmax 

PCMAX 


max 

EPSMAX 


+XXXXX.XXXX  +XXXX.XXXX 


cnun 

PGMIN 


mm 

EFSMIN 


tmin 
AT  MIN 

+XXXXX .  xxxx 
A, 

tmax 

ATMAX 


fmax 

CFMAX 

+X.  XX XXXX 

Wmin 

CFMIN 


WM  +XXXXXXXX.XX  +XXXXX.XXXX  +XXXX.XXXX  +XXXXX.XXXX  +X.XXXXXX 


6p<i  Syq  Fq  xcgq  ^vacq  % 

TIME  D-P1TCH  D-YAW  F-DEL  X-CG  F-VAC  W-DOT 

WO  XXXX.XXX  OX. XXX  MX  oxx.xxxxx  xxxxxxxx.x  xxxx.xxxxx  xxxxxxxx.x  xxxxxx.xx 


WO  XXXX.XXX  OXX.XXXXX  0>X.XXXXX  xxxxxxxx.x  xxxx.xxxxx  xxxxxxxx.x  xxxxxx.xx  — 


Error  Code 


Certain  computations  and  parameter  values  result  in  program 
logic  terminating  the  run.  The  error  vhich  causes  the  abort  is 
identified  by  printout.  The  printout  occurs  after  the  main  print 
is  given  for  the  trajectory  computation  up  to  the  time  of  error. 

Conanon  Er*  >T 

Verbal  descriptions  of  common  errors  are  as  follows: 

1.  *Undefined  type  of  flight  -  check  input  1310, 

1317,  etc. 

2.  ^Undefined  mode  -  check  input  L600,  1603,  etc. 

3.  Undefined  type  of  hunt  -  check  input  184 

4.  Invalid  sigma  2  or  Y  -  check  input  L85,  L94, 

L103,  etc 

5.  Invalid  sigma  Y  -  check  input  1.77 

6.  Input  card  error 

7.  Dependent  parameter  not  varying  -  Hunt  Procedure  one 

8.  Impossible  region  exist  -  Hunt  Procedure  one 

9r  Singularity  in  quadratic  fit  -  Hunt  Procedure  one 

10.  Delta  X  input  zero  -  chectt  L81 

11.  Internal  tolerance  input  zero  -  check  L83 

12.  Invalid  sigma  A cneck  input  L78 

13.  *The  missile  weight  has  gone  to  zero  -  dump  follows 

*These  messages  are  followed  by  a  formated  dump 


(b)  Integration  Routine  Errors 


In  the  event  of  an  integration  routine  error,  the  following  information  is 
provided: 

INTEGRATION'  ERROR  TYPE  X 

Type  1  indicates  the  initial  integration  interval 
is  too  small:  this  error  should  seldom  occur. 

Type  2  indicates  the  CNTRL  or  MAXPRT  routine 
has  cut  the  interval  too  far  in  attempting  to  meet 
accuracy  criteria. 

Type  3  indicates  the  integration  routine  has  cut 
the  interval  too  far. 

The  minimum  allowable  interval  is  2  (t  +1  )x  10  ° . 

AT  TIME  =  XXXX  -  the  time  of  tir  uilure 

DELT  =  XXXX  -  the  integration  interval 

CONTROL  COUNTER.  XXXX-  the  number  of  passes 

through  the  CNTRL  routine;  ;.e.  .  the  number  of 
time  intervals  integrated.  Zero  here  indicates  the 
trajectory  cannot  get  started  for  some  reason. 

BREAKUP  COUNTER.  XXXX-  The  number  of  passes 
through  the  CNTRL  routine  in  attempting  the 
most  recent  breakup.  An  integer  iiere  and 
error  type  2  indicates  trouble  with  one  or  more 
of  the  following: 

1.  Attitude  control  Table 

2.  Gains  Table 

3.  Special  Print  Tabic 

4.  Weight  Jettison  Table 

5.  Wind  Profile  Table 

6.  Mode  Control  Table 

7.  Staging 

3.  Target  Dynamical  Conditions  Table 

9.  Liftoff 

10.  Thrust  Modulation  Control  Table 

MAXPRT  COUNTER  XXXX-  The  number  of  passes  through 
the  MAXPRT  routine:  a  positive  integer  here  and 
error  type  2  indicates  trouble  finding  a  maximum 
print  valve.  A  value  of  -1  indicates  no  maximum 
prints  have  been  requested. 
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INTEGRATION  COUNTER  XXXX-  The  number  of  times  the 
integration  interval  has  been  cut.  A  positive 
integer  here  and  error  type  3  iudicules  trouble 
in  maintaining  integration  accuracy. 

TIME  (  START)  -  Time  at  call  to  integration  routine 

DELT  {  START)-Initial  integration  interval. 

EMAX*-  Maximum  value  of  E. 

1 

JMAX  -  Index  f  of  E. 

i 

Following  the  above  there  is  a  table  of  5  columns  of  50  items  each,  labeled 

Y  (start),  HKl,  HK3,  HK4,  .nc.  Y  (start)  is  .just  that,  and  HK1,  HK3.  and  KK4 

are  the  h  .  h  .  and  h  of  the  Range- Kutier-Menson  integration  method  (k2  is 
13  4 

not  saved  and  k5  can  be  found  as  in  locations  751-800  of  the  P-region).  INC 
is  a  logical  variable  indicating  whether  the  particular  equation  is  included  in  the 
integration  vector.  This  information  is  of  use  only  with  type  3  errors. 


Formatted  Dump 


Certain  error  conditions  cause  the  trajectory  to  terminate 
with  a  formatted  dump  consisting  of  the  following  sections: 

P  REGION  (1000  locations)  -  this  is  the  section  described 
in  switching  code;  i.e.,  the  output  variables  identified 
by  L5000-L5999. 


GN  REGION  (100  locations)  -  this  area  contains  real  variables 
and  constants  . 

JN  REGION  (100  ioc-ations)  -  this  area  contains  integer 
variables,  constants,  counters  and  flags. 


LG  REGION  (100  locations)  -  this  area  contains  logical  flags 


WGT  TABLES  (150  locations)  -  this  is  the  WGTBLS  common  region. 

It  contains  supplemental  main  and  complementary  thrust-weight 
tables,  each  cf  which  are  3  x  25  arrays.  The  table  entries  are 
the  derivative  of  thrust,  second  derivative  of  weight,  and 
weight. 

STAGE  TABLES  (75  locations)  -  this  is  a  15  x  5  array,  containing 
15  values  each  of  XO-D,  XTEMP,  XTAftG ,  DET,  and  BRKTM.  These 
values  are  usee  by  c'ne  routines  CNTRL  and  BKKPS  to  perform 
breakups .  XOLD^  is  the  past  value  of  variable  1 ,  XTEMP^  is 
the  most  recent  value  ana  XTARG  is  the  target  value.  DET^ 
is  either  the  estimated  time  to  achieve  XTARGi,  or  -10®  if 
XTARG^  has  been  achieved.  BRKTMj  *-a  c^e  a  previous  breakup 

occurred  and  is  used  whenever  MAXPRT  requires  repeated  passes 
over  the  same  interval  to  locate  and  extremal.  Tne  i  index 
relates  the  type  of  breakup  involved,  as  follows: 

i  =  1.  Attitude  (flight)  Control  Table 

2.  Gains  (TVC)  Table 

3.  Weight  Jettison  Table 
Special  Print  Table 

5.  Wind  Profile  Table 

6.  Mode  Control  Table 

7 .  Staging 

8.  Target  Dynamical  Conditions  Table 

9.  Liftoff 

_  10.,  Thrust  Modulation  Control  Table 

The  remaining  locations  (i  *  9-15)  are  not  used. 


STAGE  FL4GS  (30  locations)  -  this  is  a  15  x  2  array  of  integers; 
15  values  each  of  IM?  and  KDP.  These  are  used  with  the  values 
above.  CilPi  is  the  >. -number,  less  5000,  of  tne  variable  X: 
for  example,  IMP  55  0  means  a  breakup  on  the  variable  t,  or 
LM?  =  270  means  a  breakup  on  c h  KDPj  is  the  ‘..-number  Chat 
identities  the  breakup;  for  examp. <  ,  KDP  =  3i«  means  that  the 
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breakup  of  the  second  line  of  the  attitude  control  table  was  in 
progress.  KDP  *  0  means  that  breakup  point  has  not  yet  been 
found.  The  index  i  is  as  above.  A  negative  value  for  mPj 
indicates  the  corresponding  table  is  not  involved  in  the  breakup 
process. 

TVC  REGION  (800  locations)  -  this  is  an  array  of  100  x  8, 
consisting  of  100  each  of  the  values  printed  on  line  WO,  followed 
by  the  values  printed  on  lines  WA  throjgh  WJ  of  the  Duty  Cycle 
Print . 

Simultaneous  Hunt  Erroru 

The  following  message  is  output  if  the  hunting  procedure 
2  fails : 


ERROR  HAS  OCCURRED  IN  OPTM2  ROUTINE  -  DUMP  FOLLOWS 


(OUTPUT  FORMAT) 

TRAJECTORY  SHAPER  SUBROUTINE 
INPUT 


CONTROL  FLAG 


K 


L598 


sh 


DIM 


Message  1 

HHHHHHHHHHHHHHHHKHHHHhHHHHHHHHHHHHKH 


TARGET  CONDITION 
L599  OXX&XX.XX  NM 


.'cssage  2 
HKHKHHHIIHHHHHHH 


T 

Delete  if  Kg^  -  i 

_ i _ 


OUTPUT 


NO  STG. 

.DIM 

\ 

X 


INITIAL  VEL. 
. FT/SEC 


INITIAL  ALT. 

,  FT 
h 


EARTI.  ROTATION 
,  DIM 


o xxx£t°.  XXX  OXXXX&X.XXX 

STAGE  I  STAGE  II 


OX.X 


XXX 


STAGE  III 


ACTION  TIME  OX.&XXXXEOaX  OX . XX&XXEOXX  OX .  X&XXXEOXX 

,SEC  IvTl  XvT2  rvT3 

VAC. IMPULSE  OX.XXXXXXXEOXX  OX.XXXXXXXEOXX  OX . XXXXXXXEOXX 

,  LB-SEC  1speff  1  Ispefr*2  Aspeff3 

EFF.  ISP  OX.XXXXXXXEOXX  OX.XXXXXXXEOXX  OX.XXXXXXXEOXX 

,SEC  %r  %2  \T3 

EXP.  WEIGHT  OX.XXXXXXXEOXX  OX.XXXXXXXEOXX  OX.XXXXXXXEOXX 
’ LB  WB1  WB2  WB3 

STG.  WEIGHT  OX.XXXXXXXEOXX  OX.XXXXXXXEOXX  OX.XXXXXXXEOXX 

,LB  Vu/VBl  ^J2/WB2  *Ww33 

STG.  MASS  OX.XXXXXXXEOXX  OX . XXXXX <XEOXX  O'  L..XXXXXEOXX 
FRACT..  DxM  WBl/WBi  WB8/WBL  WB3/WBi 

STG.  RATIO  OX.XXXXXXXEOXX  OX.XXXXXXXEOXX  OX.XXXXXXXEOXX 

' DIM  WPLOI  WPL02  WPL03 

PROPULSION  OX.XXXXXXXEOXX  OX.XXXXXXXEOXX  OX.XXXXXXXEOXX 
WEIGHT,  LB 


STAGE  IV 
OX.XXXXXXXEOXX 
XvT4 

OX.XXXXXXXEOXX 

*speff4 

OX.XXXXXXXEOXX 

OX.XXXXXXXEOXX 

w 

B4 

OX.XXXXXXXEOXX 

^W4/WB3 

OX  .XXXXXXXEOXX 
W34/WBI 

OX.XXXXXXXEOXX 

u 

PL04 

OX.XXXXXXXEOXX 


IDEAL  VELOCITY 
,  FT^SEC 
'  AV 

OXXXXXX.XXX 
PITCH  OVER 
ANGLE,  DEG 
SN2 

OXXX.XXXXXX 

CIRCULAR  ORBITAL 

VELOCITY  FT  SEC 

vice 

OXXXXXX.XXX 


PAYLOAD  WEIGHT 
.  LB 
WPL 

oxxxxxxxx.xxxx 

PITCH  OVER  ANGULAR 

RATE,  DEG  SEC 
Qu2 

OXXXX  X XXXXX 


VEHICLE  LIFTOFF 
WEIGHT,  LB 
WT 

oxxxxxxxx.xxxx 

VEHICLE  VELOCITY  AT 

PITCH  OVER,  FT  SEC 
Veo 

OXXXX. xxxxxx 


i 


TERMINAL  STAGE  GNITION 
EGHT  PATH  AN<  LE .  DEG 
IT 

(XXXX 


oxx.xsix 


CIRCtLAR  ORBITAL 

ALTITUDE,  FT 
hco 

OXXXX xxxx.xxx 


Dr  ie  te 
if 


*  3 
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SECTION  IV 


ROLL  CONTROL  REQUIREMENTS 

The  roll  control  requirements  are  determined  from  estimates  of  the  roll 
disturbing  moments;  the  offset  roll  torque,  the  vortex  roll  torque,  and  the 
aerodynamic  roll  torque.  The  offset  roll  torque  is  caused  by  the  transverse 
thrust  vector  and  the  distance  between  the  TVC  vector  point  and  the  offset 
cents  r-of -gravity  centerline.  The  vortex  roll  torque  is  caused  by  the 
spiralling  exhaust  gares  leaving  the  nozzle.  The  aerodynamic  roll  torque 
is  caused  by  the  coupled  aerodynamic  normal  force  and  the  distance  between 
the  aerodynamic  center  of  pressure  and  missile  center-of-gravity  centerline 
offsets. 


A.  LINKAGE  WITH  TRAJECTORY  ROUTINE 


The  roll  control  requirement  routine  can  operate  with  data  frem  the  tra 
jectory  output  duty  cycle  or  can  operate  independently  the  trajectory  pro 
gram  by  inputting  mandatory  data.  Options  are  available  to  input  variables 
and  constants  or  have  them  calculated  internally. 

The  logic  to  use  data  from  the  TVC  duty  cycle  is  as  follows. 

1 .  If  the  mandatory  data  are  not  input,  i.e.,  K^, 

V  Fvac#  V  or  Fvacl/Wol’  then  data  on  Print¬ 
line  WF  of  the  TVC  duty  cycle  are  used. 

2.  If  the  control  flag  Ktr  is  nonzero,  the  parameters 

,  qct*n!>  and  k*mx  are  obtained  from  the  TVC 
duty  cycle  parameter  C^,  qa’max*  snd  Sp,nax> 
respecti\  ely. 


£  a 


Preceding  page  blank 
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B.  PROGRAM  INSTRUCTIONS 


1.  ROLL  TORQUE 


^rtk  if  Mrtk  15  in^ 


M 


rtk 


(K 


*osk 


+  M2  .  +  M2  .  )^  otherwise 


(in-lbf) 


vrk 


aik 


Where  the  input  roll  torque  (rn-lbf),  M  ^  ie  the  offset  roll  torque 

(in-lbf),  Mvrk  *s  the  vortex  roil  toroue  (in-lbf)  and  M  ^  1#  the  aerodynamic 
roll  torque  (in-lbf). 

a.  Offset  Roll  Torque 

1  0  if  M^k  is  input 

I  1  1 

!  M  .  if  M  ,  is  input 
;  osk  osk  r 


M 


osk 


j  KOSk  <"/180>  FV«k  Vxi'osk  °thCrVl,e 


(in-lbf) 


Where  is  the  input  offset  roll  torque  (in-lbf),  Kogk  is  the  offset  roll 
torque  multiplier.  Fvac^  is  the  input  average  webtime  vacuum  thrust  (lbf),  6  ^ 
is  the  maximum  thrust  vector  deflection  angle  (deg)  and  €  ^  i*  the  effective 

offset  distance  (in). 

(1)  Offset  Roll  Torque  Multiplier 

rKosk lf  KoSk is  the  ir*put 


K 


osk 


(dim^ 


1.0  otherwise 

t 

Where  is  the  input  offset  torque  multipJier  (dim£ 

b.  Vortex  Roll  Torque 

j~"0  if  M  .  is  input 
1  rtx 


Mvrk  if  Mvrk  18  lnpUt 


M 


vrk 


(in-lbf) 


.  Kvrk  \rk  Fvack 

Where  K  ^  is  the  vortex  roll  torque  multiplier  (dim},  is  the  vortex 
roll  torque  per  pound  of  thrust  factor  (in). 


% 


J 


(1)  Vortex  Roll  Torque  Multiplier 


'vrk 


K  .if  K  ,  is  input 
vrk  vrk  r 


(dim.) 


L  1 .0  otherwise 

Where  *s  c^e  *nPut  vortex  roll  torque  multiplier  (dim.) 


(2)  Vortex  Roll  Torque  Per  Pound  of  Thrust  Factor 

'  \rk  lt  Vk  iS  input 


Vrk 


(in) 


0.00363  otherwise 

1 

Where  is  the  input  vortex  roll  torque  per  pound  of  thrust  factor  (in) 

(3)  Maximum  Deflection  Angle 


Where 


B  .  3 
mxk 


B  .  if  8  ,  is  input 
mxk  mxk 


(deg) 


_K8mk  fBBok  +  ®Blk  (Zn  Wok)  +  BB2K  (2n  Mok)  1  othcrvl8*f 
Stage  1 

d&01  =  15.729698 
bBU  =‘•1*5695603 
B5n  =  0.046411178 


K*.  =  1.0 
oml 


Stage  II 


=  10.480564 
B6l2  *  -1.072774 

BB22  *  °-03254^762 


^2  '  l-° 


Stage  III 


3B03  *  5 ’ 7504757 
BB13  =  -0-^8573616 

^23* 


0.018170142 


^*~  ‘ -  ■  .  r)i-  -y  T '  i  Ji  It  hi-T- — [  .,1 II ■  fc. 


*r%.-5Z3~?^i*a3HJn*rp*  9 


Stage  IV 


3rd4  5-720^757 


B»14  *  *0*58573616 


B524  *  °*01fil7OU2 


'  &n4 


1.0 


Unless 


ia  input,  then  set 


V  "  B»ik 


j  =  0,1,  or  2  k  =  1,2,3,  or  4 
or 


K 


is  input,  then  set 


^8mk  ^6nk 


k  =  1,2,3,  or  4 

Where  W  is  the  input  k-th  stage  liftoff  weight  (lb),  B..lt  are  coefficients 


ok . .  . w6jk 

aad  K5nk  is  the  maximum  deflection  angle  multiplier.  The  maximum  deflection 

angle  versus  stage  liftoff  weight  is  shown  in  Figure  30. 


(4)  Effective  Offset  Distance 


~£osk  if  £osk  is  inPut 


osk 


(in. ) 


|.Kodk  (Rel  +  Bei  DBr  +  Bt2  °Bk  +  B€3  °Bk  } 


B  *  0.51640019  x  10‘ 

CO 


B€l  *  0.34855505  x  10 


-2 


62 


-0.21364594  x  10 


-4 


B€3  *  0.28005590  x  10' 


Unless  B  is  input,  then  set 
*  J  » 


B  .  *  B  . 

£j  ej 


j  *  0,1,2,  or  3 


— 'A  -  - 


632 


Kodk  i£  Kodk  l*  lnput 


i.O  otherwise 


(dim.) 


Where  is  the  input  k-th  stage  case  diameter (in. ).  B$  are  coefficients 
and  KQ(Jk  is  the  effective  offset  distance  multiplier  (dim.). 


c.  Aerodynamic  Roll  Torque 


‘0  if  M  is  input 
H«rk  1£  Msrk  ls  input 


K,rk  <”/576>  W  DBk  ’“mk  £csk 


Where  Hark  is  the  input  aerodynamic  roll  torque  (in-lbf),  is  the  aerodynamic 

roll  torque  multiplier  (dim),  is  the  normal  force  coefficient  (1/deg),  is 

the  input  case  base  diameter  (in),  qa^k  is  the  maximum  dynamic  pressure-angle  of 
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attack  product  (lbf-deg/ft  ).  The  offset  distance  versus  case  diameter  is  given 
in  Figure  31. 


(1)  Aerodynamic  Roll  Torque  Multiplier 


K  ,  if  K  ,  is  input 
ark  ark 


1.0  otherwise 


(dim) 


Where  K  ,  is  the  input  aerodynamic  roll  torque  multiplier  (dim.). 
ar*c  * 


(2)  Normal  Force  Coefficient 


Sak  if  cw*  “  taI~l 


0.05  otherwise 


(1/deg) 


Case  Diameter 


(3)  Maximus  Dynamic  Pres  sure -Angle  of  Attack 

STAGE  X 


rn.,1 if  n*i  is  1"»ut 


q<». 


mxl 


(lbf-deg/ft  ) 

.2 


Vl'V  +  B,u  <WV  +  Vi  (rva=i/M'.1)  +  V 

(F. 


vacl^Ol*  ] 


Where  ®q01  *  "1167.3282 

B  ,  *  5817.9004 

qll 

B  „  «  868.14226 
q21 

B  t,  *  -209.07636 
q31 

I 

unless  B  is  input,  then  set 
9J1 

Eqjl  Bqjl 

j  *  0,1,2,  or  3 


qOl 


Kqon  if  Kioi  is  input 


1.0  otherwise 
STAGE  II 


(dim.) 


q« 


mx2 


1£  <>aox2  ls  inIm,; 


(lbf  deg/ ft  > 


V  <V  ■  B,12  <Fv.el'V  +  V2  <Fvacl'V  + 


Bq32  <Fvacl/U0l'  1 


Where  *  2564.6454 

B  -  -3653.9365 
qI2 

Bq22  “  U77*6228 

B  ,,  »-60. 327994 
q3Z 

1 

unless  B  .  is  input,  then  set 

Bqj2  "  Bq j2 
'  *  0,1,2,  or  3 


G36 


(dim) 


Kq02  lf  KqCC  l*  lnpUt 


t  i.O  otherwise 
STAGE  III 


mx3 


■’“.*3  if  ’a«c3  iS  inI>u,; 


C  otherwise 


Ubf  deg/ft  ) 


STAGE  IV 


T3X4 


Vi  i£  Vi  15  1,,put 


0  otherwise 


(Ibf  deg/ft  ) 


Where  B  ^  ar^  coefficients  (dim),  are  the  maximum  dynamic  pressure-angle 

of  attach  muHipliers  (dim),  ?vac^  is  the  Stage  I  input  average  webtime  vacuum 
thrust  (lb-  and  W^,  Stage  I  liftoff  weight  (lbm).  The  maximum  qCt  versus 
vacuum  thrust  to  weight  is  given  in  Figure  32. 


acuum  Thrust  to  Weight 


Sr 


2*  POLL  CONTROL  SUBROUTINE  NOMENCLATURE 


Sv*POL 

H  OEiTA  IK 
«  CPSJ  K 
*5  JK 
CNALPHA 
CNALPHAQ 
f)n 

OEl  tamxk 
DFLtAPMXK 
DFl  T0«O*x 

r^siiN  n s* 

FM  VRK 
FTi\«VRK 
rv\r. 
f  v\r.K 
*4«K 

KMriTA  MK 
KK 

KID* 

K^K 

XO  ALPHA  K 
K  V°K 
K»'tS* 

HARK 

Mf'SK 

HRTK 

uyy» 

H«  <S* 

M»»!  TK 
H'-'P.K 
0 ALPHA 
041  »MA 
W') 


■A 

MXK 


DEFINITION 

FACTOR  OF  MAX  THRUST  VFCT  DEFLTN  ANCLE  OF  KTH  STAGE 
CONSTANTS  USFO  TO  COMPUTE  EFFECTIVE  OFFSET  OISTANCE 
COEFFICIENTS  FOR  COMPUTING  MAX  OVN  PRESS-ANGLE  OF  ATTK 
INPUT  NORMAL  FORCE  COEFFICIENT 

AERODYNAMIC  NORMAL  FORCE  COEFFICIENT  AT  MAX  QALPHA 
OUTPUT  TVC  DUTY  CYCLE  STAGE  CASF  DIAMETER 
MAX  THRUST  VECTOR  OFFLECTION  ANGLE 
INPUT  MAX  THRUST  VECTOR  OFFLECTION  ANGLE 
MAX  MAGNITUDE  PITCH  VECTOR  OEFLECTION  ANGLE 
EFFECTIVE  OFFSET  OISTANCE 

VORTEX  ROLL  TORQUE  »FR  POUND  OF  TH’UST  FACTOR 

INPUT  VO«TCX  ROLL  TORQUE  PER  POUNO  OF  THRUST  FACTOR 

NOMINAL  INPUT  VACUUM  THRUST-TIME  CURVE 

INPUT  AVFRAGF  WF8TIME  VACUUM  THRUST 

AERODYNAMIC  POLL  TORQUE  HULTfPLIER 

FACTOR  OF  max  THPUST  VECTOR  DEFLECTION  ANGLE 

STAGE  NUNPFR 

EFFECT iyF  OFi-SFT  OISTANCE  MULTIPLIER 
OFFSET  ROLL  TORQUE  MULTIPLIER 

FACTOR  OF  MAX  DYNAMIC  PRES SURE- ANGLE  OF  ATTACK  PROOUCT 

VOPTpx  ROLL  TORQUF  MULTIPLIER 

INPUT  OFFSET  TORQUE  MULTIPLIER 

AERODYNAMIC  ROU  TORQUE 

OFFSET  roll  torque 

COLL  TOPQUF 

VOPTEX  ROM.  TORQUE 

INPUT  OFFSFT  ROLL  TORQUF 

INPUT  POLL  TORQUE 

INPUT  VORTEX  ROLL  TORQUF 

DYNAMIC  PRFSSURP 

MAXIMUM  OYNAMIC  PRESSURE-ANGLE  OF  ATTACK  PRODUCT 
STaGF  LIFTOFF  WEIGHT 
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